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1,  INTRODUCTION 


This  is  the  final  report  covering  the  accomplishments  and  results 
of  the  signature  study  program  conducted  under  Contract  No,  DA-30~06S^- 
ORD”3507.  The  program  involved  field,  measurement  at  the  Spesutie  Island 
facility  of  the  i3al.listic  Research  Laboratory-j  Aberdeenj  Maiyland  and 
utilized  a  GPL  owned  radiometric  instrument  as  the  basic  measuring  device. 
Field  measurements  commenced  on  Januaty  3j  1962  and  were  concluded  on 
harch  23 >  1962. 

The  test  program  was  directed  toward  determmation  of  radiometric 
temperature  differentials  between  typical  battlefis-id  targets  and  their 
backgrounds  under  various  ciimatic  and  terrain  conditions.  The  resultant 
data  is  intended  for  Army  use  in  evaluating  feasibility  and  desirable 
characteristics  of  future  passive  detection  and  gu.i.danca  systems. 

Targets  used  during  the  tas'  program  included  tanks,  trucks,  Jeeps 
and  personnel.  Data  was  obtained  during  night  and  day  conditions  as 
well  as  during  rain,  fog  and  snow.  Also  included  are  tank  signature 
dala  wiieii  camouflaged  and  when  obscured  by  smoke,  fire  and  vegetation. 

To  simulate  observations  of  a  missile  borne  guidance  seeker,  a  cherry- 
picker  vehicle  was  used  to  elevate  the  radiornetrj.c  instrument  to  heigm-s 
up  to  fifty  feet  above  teri’ain. 


The  contract  was  executed  by  the  URL  Division,  General  Pi’eoision,  Inc 
under  the  direction  and  cognizance  of  the  Ballistic  Research  laboratory, 
Aberdeen  Proving  Ground,  Maryland,  The  personnel  involved  in  the  test 
prograjii  are  shown  in  Figure  l-l  [left  to  rights  A,G„  Kelly  (BRL), 

D.  Stevens  (GPL),  D,L,  Bamhouse  IU,S.  Anty),  Dr.  A.A,  Hodge  (BRL), 

S,M.  Seellg  (GPL][.  ^  ii 


This  report  includes  a  deS'',ription  of  the  field  program,  a  di<=cuKsion 
of  the  I'GSults,  conclusions  and  recommendations.  Ai.so  included  are 
appendices  containing  the  test  data,  a  discussion  of  the  theoxy  of  micro- 
wave  radiometrv,  derivations  of  the  antenna  temperature  and  range  equations 
and  a  bibliography  of  reports  applicable  to  this  program. 


2.  FIELD  PROGRAM 

On  January  3,  1962  the  field  test  portion  of  the  x-adlometer  signature 
study  was  Initiated  at  the  Aberdeen  Proving  Grounds,  For  the  initial 
measurements  the  radiometer  and  associated  test  equipment  were  placed  in 
a  portable  instrument,  trailer.  (See  Figirre  2-1  and  2-2),  The  receiver 
and  dish  were  secured  to  a  mount  steerable  in  both  azimuth  and  elevation, 

Cn  the  same  mount,  adjacent  to  the  dish  was  placed  a  telescopic  sight, 
Oollimation  between  the  dish  and  the  sight  was  accomplished  by  placing  a 
35  OCS  signal  generator  25  yard.s  from  the  dish,  pointing  the  di.e  for  marci- 
mum  signal  and  offsetting  the  sight  cross  hairs  the  proper  distance  from 
the  signal  generator.  Additional  procedures  included  measurement  and  mark¬ 
ing  off  of  the  test  range,  set-up  and  calibration  of  thermocouples  on  the 
tank,  and  familiarization  with  measurement  techniques  on  the  light  meter, 
psychrometer,  and  thermocouple  potentiometer. 


FIGURE  1-1-  FADia-IETER  FIELD  TE^-K 


FIGUIIE  2-1.  RADICKErTER  RECEIVER  D1  TRAILER 


FIGUllE  2-2.  KADICvffiTER  CONTROL  AND  OUTPUT  EQUIPMENT  OUTSIDE  FOR  DEM®STRATI(lJ 


The  swivel  mount  containing  the  radiometer  was  placed  on  tracks 
enabling  the  entire  unit  to  be  moved  outside  the  trailer.  This  allowed 
the  radiometer  to  be  pointed  at  the  sky  for  calibration  purposes,  A 
sky  angle  of  about  32,5°  (angle  above  the  horizon)  was  chosen  and  the 
elevation  of  the  dish  moved  to  this  angle  for  each  calibration  run. 

The  equipment  trailer  was  heated  and  controlled  with  a  thennostat 
so  as  to  keep  the  equipment  at  a  constant  temperature  and  free  from 
dampness  during  overnight  and  weekend  storage , 

Throughout  the  entire  field  program  certain  additional  measurements 
were  taken  in  order  to  specify  carefulQy  the  environmental  conditions 
under  which  the  apparent  temperatures  were  taken.  As  explain(ki  in  Appendix 
"A"  those  conditions  play  an  important  part  in  detei-mining  the  apparent 
temperature  of  a  target.  The  following  readings  were  taken  in  conjunction 
with  the  measured  temperatures s 

1,  reflected  light  from  target 

2,  incident  and  reflected  light  on  radiometer  dish 

3,  degree  of  cloud  cover  and  type  of  weather 

U,  time  of  day 

5,  temperature  ajid  relative  humidity 

6,  thermometric  temperature  of  tank  target 

7,  radiometric  temperature  of  two  reference  surfaces  of  aluminum 
and  microwave  absorbing  material 

2,1  Characteristjes  of  Radiometer 

2.1.1  Physical  C’naracterlsticB 

The  radiometric  package,  excluding  separate  power 
units  and  a  control  box,  comprises  an  antenna-receiver  which  is  mounted  on  a 
scanning  head.  The  antenna  consists  of  a  parabolic  i-uflector  two  feet  in 
diameter  with  a  feed  system  to  piovidu  broad  bandwidth  and  low  sldelobe  levels. 
The  receiver  is  a  superhetei’odyne  configuration  with  connections  for  use  with 
separate  power  units.  The  separate  power  units  are  used  to  permit  remote 
mounting  of  the  radiometer  up  to  a  maximum  of  100  feet  from  the  antenna, 

2.1.2  Electrical  Characteristics 

2, 1.2.1  Receiver  Operation 

The  radiometer  functional  diagram  is  shovm 
in  Figure  2-3.,  The  unit  is  basically  a  microwave  superheteroc^ne  receirer 
(.86  cm)  with  special  signal  processing  circuitry.  The  noise  signal  received 
by  the  ai  ,  ^nna  is  mixed  in  a  balanced  mixer  with  the  output  of  a  Ka  band 
klystron  oscillator  to  produce  a  30  MG  I, F,  signal.  Alternately,  at  a  97  cps 
rate,  V:--  i^jixer  input  port' is  connected  to  a  fixed  reference  source.  The  result 
ant  I.F,  s  gnal  is  amplified  and  the  97  cps  envelope  is  detected. 


RADIOlffiTER  BLOCK  D-AGRAH 
FIGCHS  2-3 


Pliase  detection  and  integration  are  then  performed,.  After  further,  D,C, 
amplification,  the  resultant  signal  passes  on  to  the  alarm  and  memoiy 
circuits.  The  output  of  the  radiometer  drives  a  D.C.  pen  recorder. 
Provisions  are  made  for  both  absolute  and  relative  calibration. 


2,1, 2, 2  Equipaent  Description 


The  radiometer  used 
the  following  parameters? 

TABLE  2...L 

Item 


in  the  Field  Test  Program  had 

Characteristic 


Operating  Frocjuency 
Receiver  Typo 
Polarization 
Noise  Figure 

(double  channel) 
I,F,  Center  Frequency 
I-F  Bandwidth 
Antenna 

Azimuth  Scan  Kate 
Field  of  View 
Spatial  Resolution 
Receiver  Temperajture 
Resolution 

Output  Data  Form 

Readout 
Input  Power 
IJrnamic  Range 


8.6  m.m.  region 
Superheterodyne 
Vdrtical 

db 

30  m,c, 

15  m,o. 

Parabolic  dish  ^  2  ft,  in  dia¬ 
meter 

0  -  l87seo 

30°  azimuth,  90°elevation 
1,1°  (  3  db  points) 

2,U7°K  T  ='.o5  sec, 

0,55U  A  T  «  1  sec. 

0.2li7°K  T  “  5  sec, 

D-C  Voltage  (  0  -  6  v) 

Z  -  out  “  600  & 

Pen  Recorder  and  D.C,  Meter 
ll5oV,  60  cps,  3LtS  v-.a, 

.500  K 


2,2  Personnel  Measurements 

Initial  measurements  indicated  that  the  amount  of  metal  on  a 
target  is  the  decisive  factor  in  its  appaient  temperature.  Hence,  a 
soldier  in  full  battle  dress,  including  field  pack,  rifle,  'and  helmet 
was  used  as  the  personnel  target  (See  Figure  2-U),  The  range  for  all 
personnel  measurements  was  5p  yards  from  the  radiometer.  Eight  runs  were 
taken:  1  each  of  the  three  basic  positions  -  front,  side  and  prone,  both 

day  and  night;  and  front  and  prone  in  the  daytime  during  rain  (See  Figure 

2-5,  2-6), 


NOTE;  E;xplanatlon  of  Taped  Data 

The  neasured  temperature  differential  between  a  target 
and  the  background  appears  as  a  D.C,  voltage  at  the  output  of  the  system. 
The  larger  the  temperature  difference  the  larger  the  voltage.  If  the 
voltage  is  positive  the  target  is  "hotter"  than  the  background,  if  negative 
it  is"colder".  To  obtain  the  differential  in  degrees  Kelvin,  the  measured 


FV& 

P'i. 


voltage  ie  nulled  out  with  a  reference  battery  voltage  calibrated  in  degrees. 

The  target  was  first  sighted  through  the  scope,  and  then  the 
mount  contai-riing  both  dish  and  scope,  was  adjusted  for  the  proper  elevation. 
The  mouht  was  then  moved  in  azimuth  off  to  the  side  of  the  target  and  the 
voltage  representing  the  temperatuis  of  the  background  at  this  elevation  was 
nulled  out  using  the  calibrated  dial.  The  mount  was  then  swept  through  the 
target  in  azimuth  from  one  side  to  the  other  to  obtain  its  profile  and  its 
point  of  maximum  signal.  This  sweep  represents  the  first  deflection  on 
each  tape  (See  Figure  2-6),  The  radiometer  was  then  swept  back'  oti  the  tar¬ 
get  and  left  pointing  at  the  position  of  maximum  signal.  This  represents 
the  second  deflection  on  each  tape.  This  signal  was  Iheii  nulled  out  using 
the  calibrated  dial.  The  difference  beteeen  the  nevj  dial  setting  and  the 
original  one  represented  the  difference  between  the  target  and  bacljcground 
temporahure  (for  the  beam  filled  case), 

2,3  Tank  Measurements 


Tank  runs  were  jjerformed  for  four  basic  views  (front,  back, 
side  and  j/ii  rear),  throe  ranges  (5o,300,  and  300  yds),  and  with  a  number  of 
different  environmental  conditions.  The  target  tank  used  was  an  M-USAt  full 
trapked  combat  tank  (Sea  Figure  2-7), 

At  50  yds  from  the  radiometer  its  beam  is  2  1/2  feet  in  dia¬ 
meter,  Hence  at  this  range  a  thermal  profile  of  the  tank  was  "painted"  by 
taking  azimuth  runs  across  it  at  three  different  v^ilues  of  elevation  angle 
(See  Figure  2-9),  The  apparent  temporature  of  significant  features  was ■ 
measured  and  Recorded  (See  Figures  2-8  through  2-13),  At  the  300  ^d  SOO 
yd  ranges  the  beam  diameter  is  greater  than  the  height  of  the  tank  and  with 
the  horizontal  cross-hair  centered  on  the  base  of  the  turret,  only  one  azimuth 
sweep  was  necassaiy  (See  Figures  2-lii,  2-15),  Measurements  were  taken  at  all 
positions  and  ranges  mentioned  above  with  the  tank  engine  on  and  off.  In 
addi^on  to  the  runs  mentioned,  measurements  were  taken  of  a  camouflaged 
tank,*  Figures  2-l6  through  2-19,  a  tank  against  a  sky  background.  Figures 
2-20,  2-21,  a  tank  in  shade  and  behind  trees,  Figures  2-22,  2-23,  and  a  tank 
at  night.  Figure  2-21+, 

During  the  shade  runs  the  tank  was  hidden  by  shrubbeiy  directly 
between  it  and  the  radiometer  as. seen  in  Figure  2-22 .  For  the  night  runs 
the  tank  was  illuminated  with  searchlights  so  that  the  horizontal  c.ross- 
hairs  could  be  accurately  placed  in  elevation  at  the  base  of  the  turret. 

Then  the  sweep  procedure  previously  descilbed  was  performed, 

2,ii  Supplementaiy  Measurements 

The  contractual  requirements  of  the  field  progra.m  were  completed 
sufficiently  ahead  of  schedule  to  allow  a  lai'ge  number  of  supplementaiy  runs. 
These  runs  in  part  served  to  resolve  questions  raised  during  the  first  part 
of  the  program,  such  as  tank  warm-up  temperatures  and  the  effects  of  mud, 
rain,  snow  and  fog  on  apparent  temperature  measui'ements.  They  also  allowed 


#  See  Addendum,  page  ll5 
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FIGDHE  2-10,  TAKE  TAEGET  -  EEC6JT  YHW,  R  •=  50  TAEBS  (T-1) 
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FIGUHE  2-15.  T*KK  TARGET.  BACK,  V'tJ,  R-50D  YDS  {T-12) 


FIGUIE  2-16,  miK  1AH5ET,  CAKOGFLAGED,  BACK  VIEW,  R  =  50  YAEIS  (T-22) 
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FIGURE  2-20.  TANK  TARGET,  SKJ  BACKGROUMD,  SIDE  ITIEW,  R  =  200  IA3DS,  (T-31) 
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p'SiJRE  C-Z3.  T/iNK  TARGET  !M  SHADE  AND  B£^  HD  1HEES,  3/4  UAR  V:rw,  R-i50  VOS  (7-34) 


TANK  TARGET  AT  NIGHT 
SIDE  VIEW,  R=300  YDS 
(T-37) 

G=  -  20  db,  sec, 
Tape  Speed  =3/^  ip™ 


FIGURE  2-2h 


the  use  of  other  targets,  such  as  trucks,  jeeps,  and  napalm  fires.  In 
addition  the  radiometer  was  mounted  in  a  50  foot  high  cherry-picker  to 
enable  a  view  of  the  tank  from  the  angle  of  an  incoming  missile. 


The  purpose  of  this  run  was  to  see  if  tank  engine  tem¬ 
perature  had  an  effect  on  its  apparent  temperature.  To  determine  this  the 
rear  of  the  tank  was  moved  to  within  25  yds,  of  the  dish,  the  cross-hairs 
centered  on  the  exhaust  and  the  tank  allowed  to  cool  for  over  hours. 

The  signal  from  the  cold  engine  compai'tnent  was  then  nulled  out,  the  engine 
turned  on,  and  the  subsequent  change  in  the  null  condition,  indio.atjng  a 
change  in  apparent  temperature,  duly  noted  on  the  pen  lecorder.  In  addition, 
the  thermodynamic  temperatures  of  the  tank  exhaust  and  engine  compartments, 
both  before  and  after  engine  ^um  on,  were  measured  with  the  aid  of  thermo¬ 
couples,  The  tank  was  allowed  to  run  until  its  apparent  temperature 
stabilized  (about  U5  minutes).  During  this  time  the  unbalance  created  by 
the  increased  engine  temperature  was  nulled  out,  the  new  di.al  reading  noted, 
and  the  dial  letumed  to  its  original  setting.  After  engine  turn  off  the 


radiometer  remained 

t  j  1  .  -un  - 
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pointed  at  the  tank,  to  record  the  cooling-off  curve, 

^  VXxC  At*  VU*  •tCfcu<  *  >JX>.  mmmm. 


matoly  one  hour,  thus  completing  the  run,  A  niunber  of  such  measwements 
were  taken  to  determine  data  repeatibility.  Table  3-2  contains  a  summary 


of  data  from  all  tho  tank  runs. 


2.ii.2  Tank  notation  huns 

Rotation  runs  were  taken  in  order  to  find  out  which  tank 
aspect  angles  provided  the  maximum  and  minimum  temperature  differential  with 
the  background.  The  radiometer  cross-hairs  were  maintained  on  the  base  of 
the  turret  as  the  tank  was  slowly  rotated  in  a  tight  circle  at  100  and  300 
yds.  In  order  to  include  all  views  of  the  tank  on  tho  limited  dynamic  range 
of  the  pen  recorder,  the  radiometer  was  initially  nulled  out  on  the  front 
view,  viiich  gave  the  minimum  signal.  Thus  peaks  in  the  data  curve  (see 
Figure  2-25)  representing  signals  from  other  aspect  angles,  signify  colder 
temperatures  than  the  front  view  base  line. 


2,U.3,  2,l4,h  Truck  and  Jeep  Runs 


The  apparent  temperatiires  of  a  2  l/2  ton  tiuck 
and  a  jeep  were  taken  for  both  front  and  side  vievjs.  Measurements  of  the 
truck  Ta  were  made  at  50,  300  and  500  yds.  while  those  of  the  jeep  were  at 
50  yds.  The  heights  of  the  azimuth  sweeps  made  at  50  yds  are  illustrated 
in  Figures  2-26  and  2-32.  In  addition,  rotation  runs  of  both  targets  were 
made  in  a  manner  similar  to  that  described  previously  for  the  tank.  See 


Figures  2-26  through  2-33, 
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FiaJHE  2-27.  IMCK  rAfiSET,SlD£  VIEV/,  H-50  flfi,  S\«P  A  (S-3) 


FI6l«E  2-28.  rauOK  TARGET,  SiOE  VIEW,  R-50  YDS,  SWEEP  8  IS-3) 
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FICUEE  2-32.  JEEP  TiiSGET  -  SHOnlNa  FCSITIQN  OF  AZIMUTH  SWEEPS 


2.Uo5  Napalm  Fire  Hiins 

Up  until  this  point  in  the  prograirij  all  tai’gets  viewed 
I'ave  heen  detected  by  virtue  of  their  reflection  of  radiation  from  the 
"cold”  skyj  thus  making  them  appear,  to  the  -r-adiome ter ,  cooler  than 
the  background.  Now  it  was  desirable  to  sea  how  well  the  instrument 
could  detect  targets  that  were  hotter  tnan  the  background.  To  assist 
in  this  part  of  the  program  a  team  from  the  Army  Chemical  Canter  at 
Edgeviood,  hd,  was  called  In  to  provide  napalm  and  flame  thrower  equip¬ 
ment. 

At  first  the  napa.jn  was  p.iarea  in  a  2  foot  diameter 
puddle  25  yds,  from  tiie  radiometer  and  ignited.  The  I'adiometer  wiiich 
had  initially  been  nulled  out  on  the  temperature  of  the  unlit  napalm 
was  now  rebalanced  on  the  burning  cliemical  and  the  new  dial  'eeiding 
noted,  thus  indicating  its  apparent  temperature  (see  Figure 
This  was  repeated  at  100  yds.  with  a  larger  fire,  A  third  run  wa« 
conducted  to  examine  ttie  erfect  of  having  hnming  napalm  between 
the  tank  and  the  radiometer.  To  accomplish  this,  the  napalm  was 
Gprcsid  in  .?0  iit-Ti/p  ■'■I'p  ’•  nriV,  7^’^  ■■■ 

the  50  yd,  point.  The  radiometer  was  focused  on  the  tank,  nulled  out, 
and  the  napalm  was  ignited.  Unfortunately ,  the  flame  nevrer  c.',:unbed 
high  enough  to  obscure  Uiu  lank.  However.,  the  smoko  i'rom  the  lire 
completely  blotted  out  the  tank  and  this  in  it.self  provided  a  usciui. 
test  (see  Figures  2-J5,  2-30),  The  final  test  involved  mea.suring 
the  apparent  temperature  of  bursts  f.nom  a  flfune  thrower  (Figure  2-y7), 
A  technician  with  a  flame  thrower  was  placed  5  yd.s,  in  front  ol'  the 
radiometer  vdth  the  nozzle  pointing  at  a  small  angle  from  the  dish 
axis.  The  radiometer  was  initially  nuL'.ed  out  on  this  background, 
a  six  second  burst  was  fired  and  a  new  null  reading  made  curing  the. 
buret. 


2 , It ,6  Snow,  Fog  and  kaln  Huns 

Winter  in  the  Chesapeake  Bay  area  of  I'iarylani  is  a  good 
time  of  the  year  to  determine  tiie  el’fer'.;'  of  ''■a"ious  weather  ' o.idi tiers 
on  the  apparent  target  temperature.;,  A.Ll  of  *liese  measurements  v/ere 
made  of  the  front  and  side  view.s  cf  a  tank  at,  a  range  of  300  yds 
(see  Figures  2-38  through  In  the  case  of  the  snow  and  fog  runs 

the  tank  vias  cumpletelv  cb.-^cu-eJ  '-isually,  'i;  i-rde'.'  tc  place  ttie  iic.ri- 
zontal  cross-hairs  at  correct  elevati.'.n  on  the  base  of  tlin  turret  ,  it 
was  necessary  to  wait  for  a  temporary  brca.K  i".  the  fog  and  .snow.  The 
actual  runs  were  then,  made  when  the  t.a.rget  was  once  again  r  omjil  etely 
obscured. 


2.L1.7  Tank  Views  irom  Therrypicke.^- 

rro"'t>  oi  liwld 

test  came  from  view.uig  the  tank  with  t-lie  ind.Lometer  from  flit  :ingfe  of 
an  incoming  missile.  This  was  act  Mplished  by  placing  the  raaiometer 
and  associated  equipment  in  the  basKet  of  a  "c nerrypicker” ,  Figure  '’-U2, 
Through  the  use  of  this  device  the  hci.ghl  of  ti;e  radiometer  conli  be 
varied  continuously  between  0  and  50  fee’'  thus  enabling  the  tank  to  be 
viewed  from  various  aspect  .angles  from  (.r  to  qO',  (cigures  2"li ; 

2-U5)«  Inability  to  further  reduro  fhe  -l--'’ation  angle  of  H.e  rnorometer 
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riGUEE  2-37.  MEASUEaENT  OF  OF  FLAMES  FEOK  FLAME  THECWER  (S-13) 
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KGUBE  2-lih.  CKERaiPICKER  AT  FULL  ELEVATION 


dish  prevented  viewing  the  tank  at  angles  greater  than  Apparent  tem¬ 

peratures  were  taken  in  10°  intervals  with  tVie  tank  at  a  distance  of  li7 
feet  from  the  base  of  the  cherrypicker  (Figure  2-h6),  In  addition,  use  of  the 
cheriypicker  permitted  the  determination  of  the  greatest  distance  at  which  a 
tank  could  be  detected  from  elevations  otViei'  than  ground  level  (Figure  2-U7), 

2.li.6  Reference  burface  Runs 


Two  reference  surfaces  were  pci'iodioally  viewed  .by  the 
radiometer  in  order  to  relate  easily  the  apparent  temperatures  determined 
in  this  experiment  with  those  measured  in  future  ones^  Any  future  experi¬ 
menter  can  readily  relate  his  r-eHiiingn  with  those  ii\  tliis  I’eport  by  dupli¬ 
cating  the  reference  surface  set-up  described  and  comparing  the  two  sets 
of  temperatures.  The  surfaces  were  Ii  by  0  feet  .in  ai-ea  and  placed  at  an 
angle  of  with  the  ground  2h  yds.  froti  the  radiometer  dish.  The  first 
reference  surface  was  a  sheet  ndo.rowave  absorbing  materialii-  which  gave  a 
temperature  reading  hotter  than  tlie  background.  A  temperature  reading 
colder  than  tlie  backgi-ound  was  given  by  a  sheet  of  unpolished  aluminum, 
the  second  reference  sorface.  In  aaditioii  to  nieasuring  tire  apparent  tem¬ 
peratures  of  those  surfaces  pe.riodica.lly,  they  were  employed  in  certain 
other  tests.  The  apparent  temperature  of  the  aluminum  was  measured  when 
oovei'ed  with  layeis  of  wot  and  oiy  idud  in  an  effort  to  sin.ulatc  the  cffocts 
these  coatings  would  have  on  the  annarenl  temnerature  of  a  tank.  Also 
measured  was  the  apparent  temper-ature  oJ'  the  a.lnrninum  as  a  function  of  its 
angle  vri.th  the  ground.  This  helped  to  fletermine  j’rom  which  angular-  sur¬ 
faces  on  a  target  the  largest  signal  return  might  be  expected, 

2,14.9  Auuio  Kouulation  of  the  Ricrowave  Signal 

In  an  effort  to  determine  if  the  microwave  signal  from  the 
tank  is  being  modulated  by  the  sound  from  the  tanks  engines  ,  the  rear  of 
the  tank  was  placed  25  yds,  from  the  radiometer  and  the  dish  trained  on  the 
engine  compartment.  The  output  of  the  97  cps  detector  was  fed  into  an  audio 
amplifier  and  loudspeaker  assembl,y  and  the  tank  was  turned  on. 


See  Addendum,  page  ll5 
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3.  DISCUSSION  Of  RESULTS 


3,1  Calibration  Procedure 

In  ox'cior  to  dotonriino  tbs  absoluts  apparsnt  tsiiiporaturos  of  tbs 
targets  viei-redj,  calibration  runs  wsre  performed  each  day  and  sometimes 
twice  a  day.  Reference  to  the  radiometer  block  diagram.  Figure  2-3^  Will 
aid  in  understanding  the  procedure  used. 


As  in  all  Dicke  type  radiometers  .in  order  to  eliminate  the  effects 
of  slow  changes  in  receiver  gain,  the  microwave  input  to  the  mixer  was 
switched  between  the  antenna  and  a  source  of  constant  temperature,  in  this 
case,  the  temination  of  the  ferrite  switch.  Any  difference  between  the 
antenna  temperature  and  the  temperature  of  the  termination  results  in  a 
D.C,  voltage  at  the  output  of  the  intcgrati.ng  cir'int.  The  magnitude  and 
sign  of  this  voltage  represents  the  magnitude  and  sense  of  the'  temperature 
diffei'ential.  The  chopper  of  the  D.C,  amplifier  alternately  samples  this 
voltage  and  a  calibrated  reference  voltage.  In  the  measurement  procedure, 
tlie  reference  voltage  is  adjusted  until  a  null  reading  is  obtajj!.ed  from  the 

+  V*  o  +. 


output  of  the 


^,C,  amplifier  signifying  that  'the  integrator  voltage  was 


matched  in  both  euiiplitucle  and  sign  by  the  reference  voltage.  The  dial 
reading  for  the  reference  so^lrce  is  then  noted.  The  calibration  procedure 
relates  this  dial  I'cading  to  the  tci;;perature  in  ttie  m?3n  guide  of  the  antenna 
by  inserting  in  the  main  guide  known  tempe.ratures  from  a  noise  source  and 
balancing  them  out  mth  the  reference  source. 


During  calibration  the  siitenna  is  pointed  at  the  sky  at  a  32,5^ 
angle  vjith  the  horizontal*  The  .ant.onna  +.eroT'erat,\;rp  contribution  to  the 
main  guide  tempeiature  is  known  from  the  sky  cu,rvefi  given  in  Figure  3-1, 
These  show  sky  temperatures  for  three  different  types  of  weather  conditions 
as  a  function  of  angle.  For  32,.5°  from  the  horizontal  these  temperatures 
are  36°K  -  clear,  5l°K  cloudy  and  128°K  rain  (  hm,m«/hr),  ^The  other 
contribution  to  the  main  guide  temperature  comes  from  a  10,100  K  noise 
source  which  is  passed  through  a  calibrated  microwave  attenuator  and  coupled 
into  the  main  guide  via  a  9.h  db  directional  coupler.  By  varying  the  micro- 
wave  attenuator,  accurately  known  noise  temperatures  are  introduced  into 
the  main  guide  where  they  combine  with  the  temperature  contribution  from 
the  antenna.  The  resulting  integrator  voltage  representing  the  resultant 
main  guide  temperature  is  nulled  out  with  the  reference  voltages  and  the 
dial  reading  noted.  Hence  the  corresponding  calibration  curve  is  a  plot 
of  main  guide  temperature  versus  reference  voltage  dial  reading. 


During  the  measurement  process,  maximuTn  attenuation  (greater  than 
So  db)  is  placed  in  the  calibrated  attenuator  in  order  to  negate  the  effect  of 
the  noise  source  contribution  to  the  main  guide  temperature,  A.ppendijc  B 
derives  an  equation  for  antenna  temperature  which  takes  into  account  this  con¬ 
tribution  frO!!i  the  noise  source  along  with  the  effects  cl  noi.-;y  and  lossy  com¬ 
ponents  on  the  main  guide  temperature.  The  resulting  equation  modifies  the 
existing  calibration,  curves.  To  take  account  of  this,  the  forty-seven  original 
Ccilibration  runs  were  separated  into  three  groups  on  the  basis  of  similarity 
(less  than  10$  deviation),  VJhile  the  groups  themselves  are  separated  by 
more  than  30°K,  no  curve  in  apy  one  group  di.iYers  'rom  anoUiei-  by  more  than 
a  few  degrees.  In  each  group  there  is  a  preponderance  of  one  of  the  three 


types  of  waathor  conditions  mentioned  earlier.  The  fair  weather  group  is 
composed  of  fair  weather  calibration  runs;  the  cloudy  group  of  65$ 
cloudy  runs;  and  the  rainy  group  of  75$  rainy  runs,  A  representative  curve 
from  each  group  was  chosen  and  replotted  using  the  derived  antenna  temperature 
equation  (See  Figures  3“2,  3“3,  and  3“l4),  If  there  were  only  three  distinct 
types  of  weather  during  the  field  program,  and  the  sky  temperature  for  each 
type  were  accurately  known  and  included  in  the  calibration  calculations, 
one  might  expect  only  one  universal  calibration  curve.  However,  gradations 
in  the  degree  of  cloud  cover  and  the  resulting  deviations  introduced  by 
trying  to  classify  them  into  three  types  of  weather  produced  the  three 
separate  calioration  curves.  These  curves  do  not  differ  in  slope  but  only 
in  intercept  on  the  Y-axis.  This  difference  is  not  a  source  of  error  sipoe 
each  curve  represents  a  calibration  that  is  accurate  in  itself  and  the  shift 
of  intercept  is  compensated  for  in  the  data  when  the  same  temperature  is 
represented  by  different  dial  readings  for  the  three  groups. 

In  order  to  obtain  the  target  temperature  corresponding  to  a 
given  dial  reading,  the  value  of  126li  for  that  reading  is  picked  off 
the  applicable  curve  and  the  sky  temperature  at  time  of  iiiBasurernent  added 
to  it. 
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FIGURE  3-3.  CLODDV-  CALIEMUiaj  GUEVE 


3  o  2  Personnel  Measurements 


Of  all  targets  used  in  the  field  program,,  personnel  pro¬ 
vided  the  least  contrast  v/ith  the  background  and  hence  were  the  most  diffi¬ 
cult  to  detect.  Table  3-1  lists  the  measured  temperature  (T  )  for  each 
target  viewed  along  vrith  its  measured  temperature  differential  (AT  )„ 

AT.  is  the  difference  between  the  measured  temperature  of  a  target^ith 
its  background  and  the  measured  temperature  of  the  background  alone. 

The  radiometric  temperature  of  a  target  has  significance  on.ly  when,  related 
to  the  environmental  conditions  surrounding  It  at  the  time  of  measurement. 
These  environmental  conditions  include  air  tamperaturej  type  of  cloud  cover^ 
degree  of  shade  as  well  as  the  apparent  temper-ature  of  the  ground  and  the 
target  position.  Apparent  ground  temperature  is  also  a  function  of  tne 
environmental  conditions  Just  mentioned.  In  view  of  this,,  and  in  con¬ 
sideration  of  the  fact  that  most  range  equations  are  in  terms  of  target- 
background  temperature  difl'erentia.f ,  the  most  significant  term  presented 
in  tlie  tables  is  that  of  ATj^,. 

At  the  ranges  of  personnel  measurements  (less  than  yards) 
the  beam  subtends  a  two  foot  diameter  oircle.  Tt  was  conterod  on  the  upper 
portion  of  the  soldiers  chest  so  that  iiis  he.lmet  would  be  included  in  fhe 

--VJ.  9  ,  j...  . . .  . .j...  .....  j... . 

ing  a  two  foot  diameter  circ.le,  tiie  temperature  measured  (Tj^, )  does  not 
correspond  Lo  the  apparent  temperature  discussed  in  Appendix  A,  for  cer¬ 
tain  ranges  in  the  tank  run.s,  hovrever.  the  ■':a’"get  does  completely  fill  the 
beam  and  the  measured  temperature.,  T,.  is  equa.l  to  the  apparent  tempei'a turo j, 

a* 

In  comparing  the  three  different  view.?  (Table  it  can 

be  0  c  en  that  Uie  side  view  resulted  in  the  .largest  ATj^.,  the  front  view 
the  next  large stj,  and  the  prone  view  the  .smal.iest ,  This  can  be  understood 
by  considering  the  target  temperature  measured  by  the  radiometer  is  heavily 
dependent  upon  the  amount  of  meta.L  on  the  target,  specifically  the  he  line  t, 
which  is  reflecting  colder  radiation  from  the  sky.  This  creates  a  temperature 
differential  when  viewed  by  the  radiometer  against  a  hot  background  of  earth. 
In  tl.e  side  view,  a  greater  helmet  area  is  exposed  to  the  dish  than  in  a 
front  view,  thus  the  larger  AT.,,  The  prone  position  has  a  smaller  AT 
than  the  front  view  because  the  reflection  of  sky  radiation  by  the  heMet- 
is  the  only  contribution  to  the  total  measured  In  the  front  position 

other  contributions  are  made  by  other  portions  of  the  target  as  well  aa 
the  helmet. 

Repeat  of  the  three  basic,  views  at  night  showed  almost  exact 
correlation  with  the  AT,  's  of  the  same  views  taken  during  the  day,  During 
rain  runs,  the  greater  aTh,  of  the  prone  view  over  the  front  view  is  a  pro¬ 
bable  result  of  the  solider  lying  in  a  large  puadle  of  water.  Hence  the 
ATj^j  of  the  prone  view  v;as  increased  by  the  sky  reflection  off  the  water. 


TABLE  3- 
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None  of  the  AT„'s  of  the  soldier  target  exceeded  5*^K 
target  filled  more  than  of  beam  area  and  it  may  be  assumed 
the  beam  were  completely  filled  the  NT  would  not  be  more  than 
even  the  most  favorable  position. 
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3.3  Tank  Measurements 


The  tank  targets^  due  to  a  ia.rga  mass  of  i-elatively  high  reflsctivity 
metal,  provided  sizable  thermal  contrasts  vdth  their  backgrounds  of  low  re~ 
flectivlty  ground  and  trees.  These  contrasts  are  largest  when  the  tank  com¬ 
pletely  fills  the  radiometer  beam  at  the  shorter  ranges  and  get  progressively 
smaller  as  the  beam  area  becomes  larger  than  the  tank  at  greater  ranges  and 
the  background  temperature  is  integrated  into  the  radiometer  output  along 
with  the  tank  temperature. 

Even  though  a  lai-ge  n'lmber  of  runs  were  taken  (1/:?  total  number  of 
tank  measurements)  with  the  tank  engine  on.  thei’e  was  no  noticeable  effect 
on  its  apparent  temperature  from  that  of  the  engine  off  condition.  This  may 
be  seen  by  comparing  runs  (T-3,  T-Ujj  (T-5,  T-6),  and  (T-9,,  T..10)  to  cite 
just  a  few  rcproccntative  runs.  In  addation  to  data  supporting  this  fact 
obtained  during  the  I'cgular  tank  mear.uremontSj  special  supplementary  runs 
were  taken  to  Investigate  it  further.  The  results  of  these  are  described 
in  Section  3.U.I.  In  the  few  instances  'where  there  are  substantial  differences 
between  the  engine  on-ongine  off  condiidon,  the  runs  were  taken  on  different 
days  and  a  vailation  in  weather  conditions  explains  the  difference  in  the 
ATj^'s.  Since  the  engine  on  condition  haa  no  effect,  the  iirns  where  Uiis  was 
Uie  onljy  paiarfioter  changed  u'ill  bo  rood  to  relnforor.'  rinta  '•akeri  it\  r.he  corres¬ 
ponding  engine-off  condition  if  the  daur.  vmf  taken  on  the  same  day,  and  to 
stucly  the  effects  of  vjeather  on  the  6Tj,’y  if  the  data  for  the  engine  on- 
engine  off  corditionc  were  taken  on  diri'erent  days. 

The  measured  temperatures  (T..);,  apparent  background  temperatures 
(T  ),  and  measured  temperature  differentials  (AT  )  are  listed  for  all 
tank  targets  in  Tabl.c  3“2.  In  cases  where  the  target  completely  fi.lls 
the  beam,  primarily  at  50  yds,  T  and  AT.^  are  equal  respectively,  to  the 
apparent  temperature  (T  ),  and  the  difference  between  the  apparent  tem¬ 
peratures  of  target  and“background  (AT  ).  Tnis  is  indicated  as  such  in 
the  table,  in  adaition,  the  eriviroiuue(ltal  conditions  accompanjdng  each 
temperature  measurement  are  also  listed. 

3.3.1  Apparent  Tank  Temperatures  and  Differentials,  K-  30  yds. 

At  the  50  yard  range  the  temperatures  measured  on  the  pen 
recorder  (T.^,)  are  equal  to  the  apparent  temperatures  (T  )  since  the  targets 
completely  rill  the  radiometer  becuu,  Kence  the  tsjtm  becomes  AT^  signify¬ 
ing  the  difference  in  apparent  temperaturss  between  the^target  and  its  back¬ 
ground,  Table  3"3  lists  the  AT  's  of  all  the  5o  yd  runs  together  for  the 
purpose  of  comparison.  At  5o  y§s  the  radiometer  beam  is  2-1/2  feet  in  dia¬ 
meter  so  that  three  separate  azimuth  sweeps  across  the  tank  at  3  values  of 
elevation  were  taken.  The  positions  of  thaos  sv.'ssps  may  be  seen  by  referring 
to  figures  2-7  and  2-10  where  the  centers  of  the  sweeps  are  marked  by  white 
dots  on  the  photographs,  or  to  Figure  2-9  where  the  sweeps  are  marked  c Learly 
on  a  line  drawing  of  the  tank. 
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*  These  runs  made  at  ranges  such  that  and 


KEY  (Applies  to  Tables  3-1  and  3-2) 

T  Measured  Temperatureo  Actual  temperature  measured  by 
radiometer,  representing  combined  temperature  of  all 
objects,  target  and  background,  included  in  radiometer 
beam. 

Tg  -•  Background  temperature.  Temperature  of  the  background 

ATj^  =  Measured  Temperature  Differential.  Difference  between 

background  temperature  (T  )  and  combined  target  and  back 
ground  temperature 

T^  =  Apparent  Temperature,  Special  case  of  T^^  where  beam  is 
complete.ly  lined  by  target, 

AT  “=  Apparent  Temperature  Differential,  Difference  between 
background  tempex’alure  and  appa.font  twiiipei’alure  of  Lax-ge 


(0 

COMFIPENTEAL 


COMFIDENTIIAL 

Apparent  Temperature  Differentials  (AT^)5  (°K) 


Front 


DauK 


Side 


i/h  Iwax' 


*T-1 

T-2 

Sweep  "A" 

8 

37 

Sweep  "B" 

23.3 

38 

Sweep  "C" 

31,3 

ti3 

Average 

21 

u3 

Rain 


TAMr  A  on A 

min 


T-7  T. 

■8 

T-13 

26.3 

33 

6,5 

63.3 

39 

63.3 

1*3 

39,3 

32 

liU.l* 

l*li.3 

)|0,6 

TABLE 

3-3 

TKJ'EIUTUKI: 

;  DlirT') 

1  i  A  T  ' 

'iKUl  t  L 

-lil 

T-13 

T-16 

5' 

12 

17 

38.5 

61 

63.5 

27 

33 

^8 

23.3 

1*2 

U3.3 

Rain 

»N0TK!  It  can  be  clearly  seen  from  Table  3-3  that  Kims  T-1  and  T-lh  have  con¬ 
siderably  lover  dT^'s  for  each  sweep  than  the  remaining  runs.  This 
is  because  T-1  and^T-Ut  were  taken  during  a  moderate  rain  (hram/hr) 
while  the  other  runs  were  taken  eithei  in  fair  or  raoderatei,y  cloudv 
weather.  Thereforej  since  they  represent  a  special  weather  condition 
they  are  only  included  in  this  table  for  the  purpose  of  completeness. 
The  discussion  of  the  results  listed  in  Table  3-3^that  follows^ will  be 
exclusive  of  these  two  runs.  They  will  be  considered  under  a  later 
Section  (3.3.8),  weather  effects. 

lieference  to  Table  3-3  shows  that  the  AT  's  of  each  sweep  for  the 
float  and  back  views  correspond  closely,  as  do  tliose  of  side  and  3/h  rear 
views.  This  is  explained  by  the  similarity  in  physical  appearance  between 
views:  the  back-view  roughly  resembling  the  front,  and  the  3/h  rear  view 
being  but  a  slight  modification  of  the  side  view.  It  is  also  interesting 
to  note  that  the  AT  's  for  sweep  "B"  through  the  center  of  the  tank,  are  the 
largest  of  the  threl  sweeps  and  almost  identical  for  all  four  views.  In  addi¬ 
tion,  the  AT^'s  of  sweep  "A"  for  the  side  and  3/h  rear  views  are  smaller  than 
the  corresponding  ones  for  the  front  and  back  views.  This  is  to  be  expected 
since  the  bogey  wheels  of  the  side  view  do  not  have  as  smooth  a  reflecting 
surface  as  the  front  of  the  (reads.  However,  the  sweep  "C"  values  for  the 
side  and  3/h  rear  views  are  higher  than  those  of  the  front  aind  back  because 
of  the  larger  area  of  smooth  turret  sui’face.  Thus,  we  see  in  general  that 
smooth  surfaces  at  an  angle  approximately  Ii5  with  the  horizontal  (see 
Section  3.U.8)  better  reflect  the  cold  sky  temperatures  and  hence  provide 
larger  contrasts  with  the  background  than  surfaces  that  are  irregular  and  at 
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oblique  angles.  The  relative  dif Terence  in  AT  's  between  dil'Terent  sweeps 
and  views  may  be  explained  solely  by  ^he  presence  or  absence  of  such  surfaces 


To  obtain  the  average  apparent  temperature  differential  carer  the 
entire  tank  the  values  of  AT  for  the  three  sweeps  are  ntunerically  averaged 
for  each  view.  These  are  prtsented  in  the  last  colxann  of  Table  3»'3  and  form 
the  most  important  part  of  the  table  since  they  i-epresent  the  "apparent  tem¬ 
perature  differentials  of  a  tank".  They  vary  in  value  from  li0.6°k  to 
a  spread  of  only  I4.I1  K.  The  close  grouping  indicates  that  high  and  low  con¬ 
trast  sweeps  for  different  views  averaged  out  to  the  same  value.  It  iriay  also 
be  stated  that  the  tsmpei’aturc  differential  between  the  tank  and  its  background 
is  essentially  constant  for  all  viewing  angles  of  the  tank,  the  value  being 
li3°K  for  this  grouping  of  data. 

The  apparent  temperatures  of  the  tank  target  for  ail  li  •"ioi.'s  aro 
listed  in  Table  3-14.  The  averages  of  tlie  three  sweeps,  found  in  the  last  column 
of  the  table,  range  from  130.8°  to  l5l°K  exclusive  of  the  rain  runs.  The  total 
range  of  apparent  temperatures  for  all  weather  conditions  from  fair  to  moderate 
rain  (I4  m.m./hr)  is  from  130.8°K  to  23^«6°K  or  about  10t)°K.  This  agrppp  with 
the  increase  in  sky  temperature  of  100  K  due  to  moderate  rain  as  reported  in 
Ref,  13.  Udforenoe  to  tlie  nenliiei-  data  In  Table  i-k  snows  unat  the  fairest 
days  produced  the  lowest  T  'o  while  the  rainy  d.-jy;;  the  highest  'L  's. 

This  is  to  be  expected  wit^  a  target  of  high  reflectivity.  It  may  also  bl 
noted  that  the  background  temperature  dec.i-eases  from  sweeps  A  to  G  as  the  radio¬ 
meter  is  raised  in  height  since  more  of  the  horizon  is  included  in  the  beam. 


Apparent  Tank  TeiiiDeiatures  (Ta 


(°K) 


Front  Side  Kear 


T-1 

T-2 

IV  7 

T-8 

TV-13 

T-ih 

TV.15 

TV16 

Sweep  "A " 

213.5 

ikk 

173 

lu6 

186.5 

251 

166  „  5 

179 

Sweep  "B" 

199 

119.5 

132 

118 . 9 

127 

219 

1.16.5 

120  .5 

Sweep  "C" 

191.5 

129 

lk8 

132.5 

131.5 

2  3.; 

I:;)? 

IkO 

Average 

201.3 

130.8 

151 

132.3 

1148.3 

233.6 

.135 

150.3 

Rain 


Itain 


TABLE  3-U 

TANK  APPAitENT  TE^iPE^d^T^HES.  H  =  50  yards 
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3«3»2  Measured  Tank  Temperaturg  JiJferentials  at  Other  Ranges 
R  300 1  300  yards  ' 

Tanks  were  placed  at  ranges  greater  than  Hu  yds  to 
see  if  they  were  detectable  and  if  so  the  magnitude  of  their  temperature 
differential.  In  addition,  the  data  obtained  from  these  runs  permitted  veri¬ 
fication  and  check  of  the  range  equation,  derived  in  Appendix  D,  once  the  value 
of  tank  apparent  temperature  was  knovm  from  the  runs  made  at  $0  yds. 

The  hTy*s  for  the  300  and  500  yard  runs  are  listed  in 
Table  3-5.  A  sample  calculation  on  the  data  from  T-11  using  eq.  U  Appendix  D, 
yields  a  measured  temperature  differential  of  8°K  with  the  background.  This 
compares  favorably  with  the  AT^^  of  7®K  actually  measured. 


Measured  Temperature  Differentials  ATj^,  (°K) 
Range  front  Back  3A  Rear 


300 (yards) 

T-3 

6 

T-U 

6 

T-9 

2 

T-10 

2 

T-i7 

9 

T-18 

+'{ 

500 (yards ) 

T-5 

5 

T-6 

5.5 

T-11 

7 

T-12 

6.5 

r-19 

5.5 

T-20 

5 

TABLE  3-5 

MEASURED  TANK  TKMPERAT'URE  DIFFEREMTIAL  R- 300,500  yards 


The  ATjj's  for  the  300  yard  ;runs  are  much  smaller  than 
i  those  predicted  by  the  equation.  In  fact,  the  measured  temperature  of  the 

tank  in  run  T-18  was  actually  hotter  than  the  background.  Reference  to  Table 
3-2  shows  that  all  the  remaining  300  yard  runs  including  those  with  camouflage 
,  (T-2li,  T-25)  and  the  night  runs  (T-36  through  T-39)  indicate  measured  tem- 

j  peratures  that  are  also  hotter  than  the  background.  Hence,  we  are  faced  with 

the  unusual  result  that  all  the  300  yd  tank  measurements  taken  show  either  a 

1AT  smaller  than  it  should  be  or  even  a  positive  AT^  that  shows  the  tank  to 

be^hotter  than  the  background.  Measurements  taken  at  eveiy  other  range,  even 
on  the  same  and  under  exactly  the  same  conditions  as  the  300  yd  runs,  in- 

I  dicate  the  tank  to  be  colder  than  the  background  by  a  Al^  predictable  from 

Ithe  range  equation.  Careful  study  of  all  300  yd  data  anu  photographs  of  the 
teat  range  revealed  the  cause  of  these  unusual  results.  The  test  procedure 


I 
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used  to  obtain  the  tank  measurements  (described  in  Section  2,2)  involves  first 
balancing  the  radiometer  out  on  the  target.  The  difference  botwaen  the  two 
resulting  dial  readings  on  the  referanca  potentiometer  being  proportional  to 
the  difference  in  temperature  between  the  background  to  the  right  of  the  tar¬ 
get  and  the  combined  temperature  of  the  target  and  that  portion  of  the  background 
immediately  behind  it  that  is  included  in  the  bean.  Apparently,  at  the  radio¬ 
meter  elevation  needed  to  center  the  beam  on  the  300  yd  target,  there  is  a 
change  in  background  temperature  as  a  function  of  azimuth  angle  which  does 
not  exist  at  either  of  the  dish  elevations  corresponding  to  the  50  or  500  yd 
ranges.  This  irregularity,  which  might  be  caused  by  the  dip  in  the  tree  line 
illustrated  in  Figure  2-l6,  provides  a  background  temperature  to  the  right  of 
the  target  that  is  somewhat  lower  than  the  temperature  of  the  background  immedi¬ 
ately  behind  it.  Hence,  after  balancing  out  on  this  cold  portion  of  the  background 
the  tank  with  its  hotter  background  provided  a  less  negative  ATj,  than  might  be 
expected  and  in  seme  runs  evan  a  positive  one, 

3,3,3  Camouflage  Runs 

The  effect  of  placing  a  comouflage  net  on  the  tank  was 
to  increase  its  apparent  temperature.  Reference  to  Table  3-2,  rune  T-22  ^d 
T-23,  shows  that  the  average  AT  was  reduced  by  two-thirds,  from  a  AT^«27°K 
to  a  AT  “  9°K,  by  the  introduction  of  the  camouflage.  This  decresse  in 
temperature  differential  is  a  result  of  the  net  shielding  the  tank  from  the 
incident  sky  radiation  (Sea  Figure  2-16).  The  positive  AT^'s  obtained  at 
the  300  yard  range  (T-2U,  T-25)  are  explained  in  the  preceding  section.  How¬ 
ever,  the  relative  differentials  still  indicate  the  "camouilage  on"  condition 
to  be  the  waimer  of  the  two.  At  the  500  yd  range  the  targets  are  still 
detectable  with  camouflage. 

3,3,U  Sky  Background  Runs 

Reference  to  runs  T-29  through  T-32  in  Table  3~2  in¬ 
dicates  that  the  apparent  temperatures  of  the  tank  were  lower  than  the  back¬ 
ground  evan  when  the  background  was  the  sky  at  the  horizon  (See  Figure  2-20), 

This  is  a  result  of  apparent  sky  temperature  being  warmest  at  the  horizon. 

The  tank  reflaotsd  an  integrated  temperature  from  the  entire  sky,  which  was 
colder  than  that  at  the  horizon,  and  hence,  it  appeared  colder  than  its  horizon 
background.  The  temperature  differentials  measured  are  not  as  great  as  those 
obtained  when  the  background  was  earth  or  trees  whose  temperatures  are  con¬ 
siderably  waimer  than  the  horizon.  Therefore,  on  a  rainy  day  when  the  entire 
sky  is  warmer,  one  might  expect  more  difficulty  detecting  a  tank  against 
a  sky  background  than  against  one  of  trees  or  hills,  Ihs  side  view,  viitn 
its  greater  area  of  smooth  reflecting  surfaces,  produced  a  slightly  larger 

AT  than  did  the  front  view, 

a 

3,3,5  Shade  Runs 

A  emallor  ATL  is  to  be  expected  between  the  tank  and 
its  background  if  the  former  is  in  wiy  way  shielded  from  the  cold  radiation 
of  the  alty,  A  natural  shielding  effect  of  this  sort  takes  place  when  the 
tank  is  in  a  shaded  environment.  Since  the  field  test  was  performed  during 
the  winter  months,  not  much  shading  was  available.  Nevertheless,  the  tank 
was  placed  in  a,  wooded  area  and  in  addition,  behind  an  amount  of  foliage 
such  that  it  was  difficult  to  visually  view.  (Figure  2-22  pictures  the 
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target  condition.  The  tank,  with  its  driver  standing  atop  it,  is  Just 
barely  discernible  at  the  left  of  center).  Table  3-2,  Runs  T-3Us  T''35,  in¬ 
dicates  a  AT  of  about  U,5  k  which  is  considerably  smaller  Ihcui  one  would 
expect  if  thi  target  ware  in  an  open  field  at  the  same  range.  However, 
it  is  still  significant  to  note  that  the  tank  may  be  detected  radlometrically 
even  when  it  is  all  but  invisible  to  the  naked  eye. 


3,3,6  Night  Runs 

Because  of  the  unusual  background  condition  at  300  yds, 
described  in  Section  3,3,2,  the  night  runs.  v;hi.ch  were  all  made  at  this  distance, 
provided  positive  temperature  diffei'entials  and  appeared  warmer  than  their 
background.  Since  the  degree  of  background  irregularity  is  unknown  and  the 
lateral  postion  of  the  tank  with  respect  to  it  variable  on  each  occasion,  it 
is  not  possible  to  compare  the  night  rieasnrnrfir.Titr.  with  those  taken  during  the 
day  at  other  ranges.  However,  one  may  note  (Table  3-2  Runs  T-'36  through  T~,)9) 
that  they  aie  consistent  among  theiiiselves  and  the  AT„'s  compare  in  magnitude 
with  those  of  some  of  the  300  yd  measurements  taken  curing  the  day.  From  the 
results  of  the  night  personnel  luns  (Section  3-2)  one  might  expect  VittlR 
change  in  the  ATj^'s  of  a  tank  between  day  and  night  conditions  provided  the 
amount  of  cloud  covex'  xemaiafad  the  saiue. 


3 •3,7  Target  Identification 

Throughout  the  course  of  the  field  test  pregrtun, 
it  was  noticed  that  on  certain  of  the  data  tapes  obtained  there  was  a  correla¬ 
tion  between  the  physical  properties  of  tne  tank  and  the  shape  of  the  result¬ 
ing  curve.  This  is  clearly  indicated  in  Figure  2-11  which  shows  sweep  "A" 
across  the  back  view  of  a  tank.  The  presence  of  the  treads  on  either  side 
of  the  open  space  in  the  bottodi  center  of  the  tank  is  reflected  in  the 
corresponding  curve.  This  occurred  at  a  range  of  yds  where  the  beam  is 
only  2-1/2  feet  in  diameter.  At  300  yds,  where  the  beam  is  considerably 
larger  than  the  tank.  Figure  2-l5  snows  that  the  same  back  vievr  gives  another 
characteristic  indication  on  the  tape.  Here,  an  observer  might  note  that 
the  target  he  is  viewing  is  symmetrical  because  of  the  symmetiy  indicated 
on  the  cuinre.  Ho te ;  The  curve  on  the  left  of  Figure  2-.15  is  asymmetrical 
because  the  signal  peak  was  nulled  out  to  obt.ain  its  temperature  as  explained 
in  Section  2-2. 

A  side  view  at  the  3b0  yd  range  generates  a  difrei-eiit 
shaped  curve  (Figures  2-21,  2-2it),  The  sweep  is  made  from  the  back  to  the 
front(gun  points  to  the  rear  in  all  measurements  aade)  of  the  tank.  The  curve 
builds  up  to  a  peak  slowly  and  then  fails  off  sharply.  This  corresponds  to 
the  shape  of  the  tank  whose  cross-sectional  area  is  small  over  the  back,  in¬ 
creases  to  a  maximum  at  the  turrets  and  then  falls  off  to  nothing  at  the 
front. 

Thus,  not  only  may  we  obtain  information  about  the 
location  of  target  from  its  measured  temperature  but  also  to  some  extent, 
identification  by  examining  the  shape  of  its  temperature  curve.  The  instrument 
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used  in  the  field  program  was  not  designed  specifically  for  target  identi¬ 
fication  purposes.  However,  some  of  the  data  obtained  from  it  indicates  that 
identification  capabilities  might  be  realized  from  future  passive  radio- 
metric  systems  which  have  appropriate  beam  widths,  uniform  azimuth  sweeps 
and  other  features  which  land  themselves  to  this  application, 

3,3,8  Weather  Effects 

According  to  radiometric  theory,  the  apparent  tem¬ 
perature  of  a  target  is  affected  by  the  environmental  conditions  surrounding 
it.  If  the  object  is  of  high  refloctivity,  the  illumination  condition  of  the 
sky  becomes  the  significant  factor  in  determining  its  temperature.  The  tem¬ 
peratures  of  objects  of  low  reflectivity  are  not  affected  by  the  sky  condition 
but  are  a  Itinction  of  their  thermodynamic  temperatures.  During  the  fisld  pro¬ 
gram,  measurements  were  obtained  over  a  variety  of  climatic  conditions  to  en¬ 
able  stucy  of  the  effect  of  various  weather  states  upon  detection  range. 

The  results  listed  in  Table  3-2  show  that  changes  in 
air  tomporatuTQ,  rolativo  humidity,  light  conditions,  time  of  day,  and  the 
thermometric  temperature  of  the  tank  all  played  a  relatively  minor  role  in 
determining  apparent  temperature  differentials  between  the  tank  and  its 
background.  In  addition,  it  is  important  to  note  that  normal  changes  in 
cloud  cover  from  clear  skys  to  heavy  clouds  did  not  appi'eciably  change  the 
skjr  temperature  so  that,  the  AT  '  s  taken  during  these  conditions  did  not 
vary  significantly.  This  is  illustrated  in  Table  3“3»  The  weather  con¬ 
ditions  for  the  6  nms  (excluding  the  rain  runs)  vary  from  fair  to  heavily 
overcast  and  yet  there  is  a  spread  in  the  average  apparent  temperature  differ¬ 
entials  of  only  lt,u  K,  The  only  climatic  condition  that  was  found  to  pley 
a  major  role  in  changing  target  background  temperature  differentials  was 
rain.  As  illustrated  in  Table  3-3,  a  moderate  rain  (  l4in,m,/hr)  reduced  the 
average  AT  from  U3°K  to  22°K,  or  about  $1^  of  its  original  value.  This 
reduction  in  contrast  is  predominately  caused  by  the  increased  sky  temperature 
due  to  the  rainfall.  Only  a  small  portion  of  the  reduction  is  caused  by 
attenuation  by  the  rain  of  the  microwave  signal  between  the  tai’get  and  the 
radiometer.  The  fact  that  the  target-background  differential  is  hardly 
affected  by  a  change  from  fair  to  cloudy  weather  and  is  largely  reduced  when 
the  weather  turns  to  moderate  rain,  may  be  explained  ':hrough  reference  to  the 
sly  temperature  curves  in  Figure  3-1,  It  may  be  seen  that  there  is  but  a 
small  difference  in  sky  temperature  between  the  clear  and  moderately  cloucfy 
states  but  quite  a  large  increase  in  temperature  for  the  moderate  rain 
condition. 
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3.U  Supplementary  Measurements 
3.U.1  Tank  WatTn-Up 

Examination  of  the  initial  data  from  the  tank  runs 
indicated  that  engine  temperature  had  no  effect  on  the  apparent  temperature 
of  the  tank.  To  substantiate  this  result,  the  conditions  described  in  Section 
2.U.1  were  set  up.  The  tank  used  was  one  that  had  a  distributed  type  exhaust 
with  the  combustion  gasses  passing  through  a  finned  area  of  about  9  square 
feet.  At  the  25  yd  tank  range  the  radiometer  beam  was  only  2  feet  in  diameter, 
and  was  directed  so  that  the  entire  beam  was  subtended  by  the  finned  area. 

If  there  was  any  effect  on  T^  due  to  engine  temperature,  it  would  certainly 
be  detected  under  these  circumstances.  Thermocouples  placed  on  the  side  of  the 
engine  compartment  and  on  other  parts  of  the  tank  indicated  that  the  "engine 
on"  condition  produced  little  if  any  temperature  rise  in  these  areas.  There 
were  four  runs  taken  of  this  target  condition.  Each  of  them  showed  stable 
and  constant  radlomoter  outputs  before  the  tank  engine  was  turned  on,  and  an 
immediate  rise  of  between  3“K  and  above  the  balance  point  for  a  cold  tank, 
after  engine  ignition.  This  uiiiull  risa  in  lemperaLui  a  di^tiibatcd  o/c.r  the 
exhaust  area  (only  9  sqxmro  feat)  was  not  of  sufficient  magnitude  to  effect 
the  apparent  tank  temperature  at  ranges  greater  than ’25  yds  and  did  not  have 
a  noticeable  effect  on  the  regular  tank  measurements.  Theoretically,,  t.hl.s 
temperature  rise  should  disappear  after  the  tank  engines  have  been  turned 
off.  However  the  two  hour  period  of  time  required  for  this  cool--off  was 
longer  than  the  stability  period  of  the  radiomete.r,  and  shifts  in  the  bal¬ 
ance  point  prevented  the  verification  of  this  expected  result, 

3,U.2  Tank  Rotation  Runs 


Rotation  of  the  tank  at  a  range  of  100  and  300  yds 
indicated  that  both  front  and  back  views  gave  similar  contrasts  with  their 
background  and  were  the  minimum  of  any  view.  The  3/h  view  gave  the  greatest 
contrast  being  about  lLi°K  larger  than  either  the  front  or  the  back.  Figure 
2-25  Indicates  the  profile  obtained  at  the  100  yd  range.  The  signal  from 
the  back  view  does  not  drop  to  the  front,  view  level  in  this  tape,  because 
the  speed  of  rotation  had  to  be  increased  in  that  position  in  order  to  pre¬ 
vent  stalling.  This  tape  clearly  indicates  tliat  the  signal  from  the  3/h 
view  is  the  largest  while  the  returns  from  the  sides  are  intermediate  bet¬ 
ween  the  front  and  3/h  view  signals.  The  300  yd  rotation  run,  (Figure  C-6) 
was  taken  at  a  constant  tank  rotation  speed  and  clearily  indicates  identical 
temperatures  for  the  front  and  back  tank  visws, 

3,14.3  Truck  Runs 


The  2  1/2  ton  truck  was  the  largest  target  viewed  with 
the  radiometer.  It  had  vertical  sides  and  its  only  cun/'ed  surfaces  were  the 
front  hood  and  the  front  fenders.  Table  3-6  shows  the  T„,  T„,  and  ATj^,  for 
this  target.  Reference  to  Figures  2-2'7,  2-28  and  2-29  snows^that  the^truck 
apparent  temperature  differentials  at  5o  yds  varied  widely  with  the  surface 
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within  the  beam.  In  the  side  view,  large  signals  were  obtained  from  the  curved 
front  hood  and  front  fender  whi3.e  smaller  differentials  resulted  from  the  wheels 
and  the  vertical  main  body.  The  front  view,  with  its  large  proportion  of  curved 
surfaces,  produced  uniformly  high  AT  's.  The  elevation  positions  of  the  four 


azimuth 

Run 

No. 

sweeps  are  indicated  by  the  tape  marks 

Target  Condition 

in  Figure  2-26, 

T  T 

M  B 

(°K)  (°K) 

(°K  1 

Weather 

S-3 

Side  View,  U>^50  yds,  -ii-Sweep 

"A" 

176 

186 

10 

Cloudy 

Sweep 

iiyi! 

166 

106 

20 

Overcast 

Sweep 

llQil 

176 

188,5 

12.5 

Sweep 

I'D" 

169.5 

192.5 

23 

s-U 

Front  Viow,  R".50  yds  *Swcep 

"A" 

176.5 

166.5 

10 

Cloudy 

sweep 

•fb’y.b 

186 .5 

28.5 

Overcast 

Sweep 

IIQll 

165 

189.5 

22.5 

Sweep 

iiD.i 

i6fi,5 

TB9 

20,5 

0-5 

Side  Viewj  R--300  yds 

145 

162 

17 

Sunny , 

Oil  ear 

S-6 

Front  View,  R=300  yds 

1.53 

160 

Y 

.U”  of 

S-7 

Side  View,  R=,S00  yds 

152.5 

::.6n 

8.5 

Snow  on 

S-8 

Front  View,  R-^SOO  yds 

156.5 

162 

5.5 

Ground 

TABLE  3--6 
TRUCK  MEASUREMENTS 

w  For  these  runs,  range  is  such  that  T.,  -■  T,  and  AT,,  AT, 
>  &  MAMA 


At  50  yds,  the  average  AT  for  the  side  view  is  l6,it°K  and  that  for  the 
front  view  is  20.7°K,  For  the‘*^300  and  500  yd  ranges,  however, the  side  view 
gives  a  lai’ger  measui'ad  teiiipex'ature  uiffei'ential  because  of  its  increased 
surface  area  (Sea  Figure  2-30) , 


In  the  truck  rotation  runs,  perfonned  at  100  and  300  yds,  the  3/li.  rear 
view  made  the  greatest  contrast  with  the  background,  exceeding  tlie  front  and 
back  views  by  20°K  (Figure  2-31,  G*^).  The  side  view  gives  a  AT  about  half¬ 
way  between  the  maximum  of  the  3/14  rear  view  and  the  minimum  of  the  front  and 
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back  views 


3.U.U  Jeep  Runs 

Table  3-7  lists  the  ^T  and  Tg  of  the  jeep  target 
at  the  50  yd  range.  The  elevation  positions  or  the  azimuth  sweeps  are  shown 
in  Figure  2-32. 


Run  No, 

Target  Condition 

(OK) 

T 

B 

(°K) 

AT 

a 

(OK) 

Weather 

S-l6 

Side  View,  Sweep  “A" 

16U 

181  o5 

17,5 

Clouciy 

Sweep  "B" 

17?  .5 

loi.5 

6 

Overcast 

S-17 

Front  View,  Sweep  "A" 

157  o2 

178,5 

21,3 

Cloudy, 

Sweep  "B" 

159,5 

181 

21.5 

Overcast 

TABLE  3-7 


JEEP  MEAStlWlENTS,  R='  gO  yds 


As  in  the  truck  runs,  the  views  with  the  greatest  amount 
of  curved  surface  provided  the  largest  contrast  with  their  background.  Hence 
Sweep  "A"  of  the  side  view  and  both  sweeps  of  the  front  view  have  large  AT  's. 
Figure  2-33  shows  the  signal,which  is  at  a  low  level  along  the  canvas  portion 
of  the  body,  rise  to  a  peak  when  the  curved  front  hood  is  reached,  The  rotation 
runs,  perfomned  at  100  yds,  indicate  the  largest  ATj^j  to  come  from  the  front  of 
the  jeep,  the  smallest  from  the  rear,  with  the  sides  occupying  a  position  mid¬ 
way  between  the  two  extremes.  The  differential  between  front  and  back  views  is 
ICTK  (See  Figure  C-8), 

3.U.5  Napalm  Fire  Kuns 

The  apparent  temperature  of  burning  napalm  was  found 
to  be  320®K,  or  llt7°K  hotter  than  the  background  temp>erature  of  173°K  (Figure 
2-3li).  This  measurement  was  obtained  at  a  range  of  2$  yds  from  a  burning  puddle 
of  napalm.  It  is  interesting  to  note  that  as  the  fire  reduced  in  intensity 
the  radiometer  reflected  this  by  gradually  drifting  to  a  cooler  unoalanced 
condition  after  being  balanced  out  originally  on  the  hotter  fire.  A  larger 


i'ire  at  a  range  of  100  yds  from  the  radiometer  gave  a  AT.^  of  +  iS  K,  The 
smoke  from  the  burning  napalm  had  no  effect  on  the  AT  or  a  tank  placed  behind 
it.  The  AT  from  the  tank  was  66®K  both  before  and  after  it  had  been  com¬ 
pletely  obstured  by  the  smoke  (Figure  2-35’,  2-36).  A  six  second  burst  from 
a  flame  thrower  was  detected  by  the  radiometer  and  found  to  have  a  AT„  of 
7°K  (Figure  2-37).  However,  the  beam  was  not  filled  by  the  fire  and  therefore 
this  is  lower  than  it  would  be  for  an  apparent  temperature  differential. 

In  addition  to  indicating  the  apparent  tempei-ature  of  napalm, 
these  measurements  served  to  show  that  targets  which  are  hotter  than  their 
background  are  detectable  with  the  radiometer. 

3 .h .6  Snow,  Fog  and  Rain  Runs 

The  effects  of  siiov;.,  fog  a!id  rain  on  the  measurei  tem¬ 
perature  differential  of  a  tank  target  at  a  range  of  300  yds  ai'C  Listed  in 
Table  3-8.  It  can  readily  be  seen  that  of  all  adverse  weather  conditions, 
rain  reduces  the  AT^^  of  a  tank  the  most.  Snowfall  ai)d  fog  raise  the  sky  tem¬ 
perature  very  little  and  hence  do  not  have  an  important  effect  on  the  contrast 
between  the  tank  and  the  background.  Because  of  the  relatively  short  target 
distances,  the  predominant  cause  of  contrast  leauclxun  is  aii  lucre. i^tiu  sky 
temperature  ratter  than  ettnnuation  of  tho  mierouave  signal  over  the  detection 
range.  See  Figures  2-38  through 


Tank 


Weather 

Target  Condition 

(°K) 

(°K) 

M 

(°K) 

Snow 

Side  View 

131 

1U3 

12 

(Moderate ) 

Front  View 

133 

IhO 

7 

Fog 

(Visibility 

Side  View 

129 

m2 

13 

“  l5o  yds) 

Front  View 

133 

1U2 

9 

Rain 

Side  View 

198.5 

202.5 

h- 

(Igran/hr) 

Front  View 

199c5 

201,2 

1.7 

TABLE  3-8 

SNOV),  FOG  AND  HAIM  MEASUIiEiiSNTS,  R^3Q0  yds 
TAKK  TiihGET 
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3.1i.7  Tank  Views  From  Cherryplcker 

The  results  of  viewing  a  tank  target  from  above  ground 
level  at  angles  approaching  14^°  are  significantly  different  from  those  obtained 
at  ground  level.  The  physical  properties  of  this  new  situation  provide  an 
explanation  for  the  difference.  A  much  greater  tank  surface  area  is  now  exposed, 
25  as  compared  to  10  from  the  groxmd,  A  large  percentage  of  this  area 
is  flat  and  smooth  and  any  energy  reflections  from  it  to  the  radiometer  come 
exclusively  from  the  sky.  On  the  ground,  however,  the  tank  aspect  angle  pre¬ 
sented  mai^r  vertical  and  irregular  surfaces  which  could  reflect  ground  radiation 
into  the  radiometer  as  well  as  radiation  from  the  sky.  Also,  from  an  elevated 
position  the  background  is  comprised  entirely  of  ground  whereas  previously  it 
contained- part  of  the  horizon.  All  these  factors  lead  to  prediction  of  a 
gi'eater  target-background  contrast  when  the  radiometer  is  in  an  elevated  position 
than  vjhen  it  is  at  groxmd  level.  The  measuieraeiits  listed  in  Table  3-9  indicate 
this  to  be  the  case. 


SIDE  VIBV  FRONT  VIEW 


Aspect  Angle 

(Deg) 

>«• 

‘A 

(°K) 

T 

B 

("K) 

(°K) 

V 

(°K) 

T 

(°K) 

AT. 

(°I0 

10 

80 

182 

102 

97 

173 

76 

20 

97 

18U 

87 

56 

172 

116 

30 

79 

188 

109 

86 

182 

96 

Uo 

80 

188 

108 

59 

182 

123 

TABLE  3-9 


TAi'IK  TEkiPERATUKES  FHO-i  CHERRYPICKER 


Pictures  of  the  equipment  set-up  and  a  view  of  the  tank 
from  an  elevation  angle  of  1|S°  are  found  in  Figures  2-U2  through  P-US.  The 
temperature  differentials  listed  in  Table  3-9  do  not  represent  an  average 
over  the  entire  tank  but  only  one  psurticular  spot.  Lack  of  field  test  time 
prevented  use  of  the  sweep  procedure  emplcyed  when  the  radiometer  was  on  the 
ground.  However,  it  is  interesting  to  note  that  the  highest  AT  obtained 
from  the  ground  measurements  was  65°K,  whereas  the  largest  reading  of  the 
measurements  taken  from  the  air  was  123°K.  The  results  described  in  the  next 
section  lead  to  the  expectation  of  even  greater  differentials  when  the  radio¬ 
meter  is  at  a  1j5° 
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elevation  angle  vdth  respect  to  the  tank,  louring  elevated  measurements,  fluc¬ 
tuations  in  ground  temperature  ware  noticeably  less  than  those  encountered 
at  ground  level.  This  quieter  emission  is  a  probable  result  of  more  unifomity 
of  backgro\md  due  to  a  smallei'  intercepted  ai  ea  than  at  ground  level  and  also 
the  absence  of  variations  along  the  horizon  due  to  vegetation  and  sky  con¬ 
ditions  , 


The  cherrypicker  was  also  used  to  determine  the  maximum 
detection  distance  of  a  tank  target.  The  tank  was  detectable  to  a  range  of 
llSO  yds.  The  day  that  this  measurement  vfas  taken  was  quite  wjndy  and  the 
cherrypicker  basket  was  blown  about  considerably  thus  causing  difficulty  in 
taking  the  measurement.  It  is  expected  that  greater  detection  ranges  could 
have  been  obtained  under  more  favorable  weather  conditions. 

3.4.0  ueferonc-e  G'ui\facc  liuns 

The  apparent  temperatures  of  t.be  microwave  absorbing 
material  reference  surface  taken  at  varying  intervals  during  the  program  are 
listed  in  Table  3-10. 


Run  No, 

(°K) 

Ref.  Temp. 

(°K) 

Weather 

T-17 

208,5 

219.5 

Cloudy,  Overcast 

T-9,  T-10 

186,5 

197.5 

Cloudy,  Overcast 

T-19, 

T-20 

157 

16U 

Sunny 

T-3,T-6 

136.5 

lh5 

Cloudy,  O'.rercast 

T-11, 

T-12 

195,5 

205 

Cloudy,  Overcast 

Table  3-10 


SOME  REFEHENCE  SUHFACE  TEl'ff’EltATUKES 
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ThG  effects  of  wet  and  dry  mud  on  the  T  of  the  aluminum 
reference  are  shown  in  Table  3-ll<, 


Target  -  Condition  -  Weather  -  Clear  T^(°K) 


Microwave  Absorbing 

Material 

195 

Plain  Aluminum 

68 

Aluminum  with  l/l6" 

thick  dry  mud  coating 

96 

Aluminum  vdth  1/1 1  " 

wet  mud  coating 

168 

Ground 

179 

TABLE  3-11 

effects  of  MUL  OM  HEFEHENCE  surface  TEMPEltATURB 


Both  wet  and  diy  mud  reduce  the  reflected  radiation  from  the 


Varying  the  angle  between  the  al\uninum  reference  surface  and 
ground  indicated  that  the  greatest  sky  reflection  occurred  at  an  angle  of 

li5o. 


3.1i.3  Audio  Modulation  Run 


The  set-up  described  in  Section  2, Li,?  indicated  that  there 
wns  no  apparent  audio  modulation  of  the  microwave  signal  from  the  tank  caused 
by  the  vibrations  of  the  engines. 


U.  CONCLUSIONS 
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1,  It  is  possible  to  detect  most  battlefield  objects  with  a  microwave 
radiometer.  This  is  true  because  the  targets  have  a  higher  reflectivity 
than  their  background.  Thqr  present  a  contrast  with  the  hot  background  by 
reflecting  the  cold  radiation  from  the  slsy.  Targets  included  in  this  group 
are  tanks,  personnel,  trucks  and  Jeeps. 

2,  Most  vreather  conditions  have  little  effect  on  the  capabilities  of 

a  microwave  radiometer  to  detect  battlefield  targets.  Fog,  snow,  and  heavy 
clouds  do  not  appreciably  effect  the  target-background  contrast.  Moderate 
to  heavy  rain,  does,  however,  degrade  the  performance  of  the  unit  due  to  a 
large  increase  in  sky  temperatui;e . 

3.  Tank  targets  are  still  detectable  by  the  radiometer  even  when  covered 
with  camouflagej  obscured  by  smoke,  hidden  by  vegetation  or  against  a  sky 
background.  However,  the  contrast  between  target  and  background  is  reduced 
from  that  of  an  unobstructed  view. 


Some  typical  target-background  apparent 

AT 

a 

temperature  differentials  are 

Soldier  -  full  battle  dress 

7°K 

colder  than  background 

Tank 

U3°K 

colder  than  background 

Truck 

20°K 

colder  than  background 

Je  ep 

21  °K 

colder  than  background 

Napalm  Fire 

m7°K 

hotter  than  background 

The  engine  temperature  of  a  tank  has  no  significant  effect  on  its  apparent 
temperature,, , 

3’.  Use  of  the  above  figure  for  a  tank  in  conjunction  with  the  radiometer 
range  equation  and  the  state-of-art  in  equi  ■’.ent,  indicates  a  tank  detection 
range  in  excess  of  3000  yards  for  a  ground  based  radiometer, 

6,  Preliminaiy  measurements  indicate  the  distinct  possibility  of  using 
passive  microwave  radiometiy  for  short  range  homing  missile  guidance  or  for 
terminal  guidance  at  longer  ranges,  A  large  increase  in  target-background 
contrast  over  that  for  a  ground  based  system  was  observed  when  the  radio¬ 
meter  was  placed  in  a  cheriypicker  vehicle  at  elevation  angles  approaching 
!j5°  above  the  tank.  In  addition  to  contrasts  up  to  123 °K  obtained  in  the 
elevated  position,  fluctuations  in  ground  temperature  are  less  than  those 
encountered  at  a  ground  level. 

7,  The  field  program  indicated  that  target  identification  through  radio¬ 
metric  means  is  possible.  Correlation  between  the  physical  shape  of  the 
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target  and  the  shape  of  Its  temperature  curve  showed  the  identification  as 
well  as  the  detection  potential  of  a  passive  microwave  system.  An  increased 
capability  in  this  area  might  be  realized  from  future  systems  which  have 
appropriate  beam  widths,  uniform  azimuth  sweeps  and  other  features  which 
lend  themselves  to  this  application. 

8,  Passive  guidance  studies  conducted  at  GPL  indicate  that  a  miocowave 
xadiometer  has  a  slight  advantage  over  a  similar  IR  device  for  the  detection 
of  vehicles  on  a  clear  day,  and  wohld  have  a  much  larger  advantage  under 
more  severe  weather  conditions. 


85 
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ItECOMMENDATIOHS 
1.  Passive  Guidance 


CONFKDENTIAL 


/ 

~LUl.  ■ 


LW/- 


Line -of-Sight  (LOS)  -  Tank  background  contrasts  measured  in  the  field 
program  indicate  that  use  of  radiometric  line-of-sight  guidance  for  a  short 
range  anti-tank  missile  is  feasible.  Kill  ranges  up  to  800  yards  could  be 
expected  with  a  system  using  state-of-the-art  components.  The  missile  would 
employ  the  radiometer  for  homing  guidance  and  need  only  be  aimed  visually  at 
the  target  to  insure  lock-on  within  the  800  yard  range .While  the  data  on 
hand  indicates  basic  system  feasibility,  further  study  of  tactical  require¬ 
ments  and  technical  trade-offs  would  be  needed. 


Out  of  Line -Of -Sight  (OLQS)  -  Por  tactical  situations  where  the  tank 
target  is  beyond  the  direct  line-of-sight,  pi'el-iminary  data  suggests  that 
radiometric  means  could  be  used  foi’  terminal  missile  guidance.  Target-back¬ 
ground  contrasts,  which  measuremonts  indicate  a;  double  in  magnitude  to  those 
obtainable  in  a  line -of- -sight  situation,  show  that  a  missile  launched  on  a 
hallistic  path  would  be  able  to  use  these  contrasts  tn  enable  courso  correction 
in  the  final  phase  of  guidance,  -The  increase  in  contrast  is  due  to  the  greater 
elevation  angle  associated  with  a  long  range  ballistic  path  missile  as  opposed 
to  the  small  attack  angle  associated  vjith  a  shoi't  range  flat  trajectory 
missile.  To  further  investigate  the  contrasts  that  would  be  presented  by 
tarcets  to  a  missile  borne  radiometer,  it  is  recomiiiended  tliai  aUuitioual 
field  tests  be  performed  with  the  radiometer  in  an  elevated  position. 

Recommended  Field  Program  -  The  field  program  just  completed  has 
indicated  that  there  are  largo  contrasts  between  tanks  and  their  backgrounds, 
and  has  measured  the  corresponding  apparent  temperature  differentials.  Cal¬ 
culations  using  these  differentials  in  the  radar  range  equation  indicate  the 
feasibility  of  both  LOS  and  OLOS  missile  guidance  using  radiometric  means. 
However,  the  field  test  described  herein  only  provided  the  basic  temperature 
contrasts  and  indicated  tlie  desireability  of  further  study.  Now  that  this 
first  general  step  has  been  taken,  additional  tests  are  needed  to  investigate 
field  conditions  specifically  related  to  the  missile  guidance  problem.  Hence 
it  is  recommended  that  a  twelve  week  field  study  be  instituted  to  obtain 
data  that  will  be  required  for  a  detailed  evaluation  of  the  passive  guidance 
concept.  The  program  will  be  planned  so  as  to  combine  investigations  of  field 
conditions  pertinent  to  both  LOS  and  OLOS  guidance  modes. 


Some  suggested  areas  of  investigation  witli  the  i-adiometer  n.ounted  in  the 
cherrypicker  followj 


heasxirement  of  apparent  target  -  background  contrasts  at  elevation 
angles  appropriate  to  simulate  the  angle -of -at tack  of  both  a  "flat"  trajectory 
LOS  missile  and  a  "ballistic"  trajectory  OLOS  missile.  Targets  would  be 
viewed  from  different  aspect  angles  (e,g,  front,  side,  3/ii  rear).  Measure¬ 
ments  would  be  made  of  tanks,  trucks,  bvmkers,  buildings,  roads,  and 
concentration  of  troops. 

Use  of  multiple  targets,  such  as  two  adjacent  tanks,  to»e  the  result 
of  the  combined  contrasts  in  an  efi  ort  to  determine  the  ability  of  the 
missile  to  discriminate  between  them. 
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Rain  has.  bean  shovm  to  be  the  only  atmospheric  condition  to  have 
a  serious  effect  oh  target-background  contrasts.  Hence,' detailed  msasureme; 
under  this  weather  condition  should  be  taken  to  specify  exactly  its  bearing 
on  the  effectiveness  of  any  future  guidance  system. 


Various  reports  suggest  an  increase  in  target-background  contrasts 
through  the  use  of  Uori'ioatal  polarization.  Therefore,  part  of  the  field 
program  should  study  the  comparative  merits  of  each  type  of  polarization. 
This  data  would  be  essential  if  the  missile  were  not  roll  stabilized  and 
the  polarization  were  to  chani  e  continually. 

The  effects  of  countermeasures  and  spoofing  would  be  studied  .in  the 
course  of  the  field  test.  Water  puddles,  wire  mesh  and  microwave  absorbing 
material,  would  be  used  to  simulate  the  effects  of  natural  and  man-made 
conditions  on  the  effectiveness  of  a  passive  guidance  system. 


idj- 


atrasts  inherent  in  any  background 


situation  would  be  needed  in  evaluating  a  passive  guidance  system.  The 
magnitude  of  the  natural  contrasts  betvreen  land,  water,  hard  packed  earth, 
grass  ana  trees  compared  to  Hie  target-background  contrasts  in  each  oi  thes 
environments  should  bo  dotormipod  through  ('•iold  tost  mmsurumonts , 


The  points  on  a  target  from  which  tlic  coldest  signal  is  sGon  in  each 
of  the  attack  angles  for  a  LOS  and  OLOS  should  be  detennined. 


In  conjunction  with  the  Army,  various  realistic  tactical  situations 
should  be  established,  such  as  field  measurements  for  a  tank  under  con¬ 
ditions  of  complete  and  partial  shade,  or  with  a  tank  in  woods  and  under 
shrubbeiy,  so  that  the.  resulting  contrasts  could  be  considered  in  deter¬ 
mining  guidance  system  effectiveness, 

2.  Passive  Surveilance  anc!  Detection 

The  data  obtained  from  the  field  program  just  completed  has  also  in¬ 
dicated  the  feasibility  of  passive  target  detection.  Calculations  indicate 
that  tank  detection  ranges  in  excess  Of  3000  yards  could  be  achieved  with 
a  system  furnished  with  state-of-the-art  components.  Such  a  unit  would 
be  at  its  best  advantage  when  maximum  security  from  eneri^f  detsc-don  is 
desired  and/or  when  operating  under  adverse  climatic  conditions  (snow, 
fog,  rain,  e'tc,).  It  is  recommended  that  f-ortlier  study  be  given  to  this 
application  to  examine  the  operational  rcqui’:'sii,ents  of  such  a  detection 
system  in  conjunction  with  the  tactical  situations  involved. 
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3.  I’rocedvire  f.px  .Future  Field  Programs 

Tank  targets  should  be  driven  into  and  out  oT  the  beam  in  order  to  deter¬ 
mine  their  AT  instead  of  the  beam  being  swept  through  a  stationary  targeti 
This  will  present  a  background  with  temperature  variations  as  a  function 
of  azimuth  angle  from  causing  erroneous  contrast  readings. 

The  method  of  calibration  should  be  changed  to  one  that  uses  both  a  hot 
and  cold  reference  sour-ce.  While  no  errors  in  AT  were  introduced  by  the 
sky  calibration  used  in  this  field  program,  uncertainties  in  sky  temperature 
created  errors  in  the  determination  of  absolute  apparent  temperature. 
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APPENDIX  A 


BASIC  liELATlONSHIFS  IN  MICROWAVE  hADICMETRY 
1.  APPARENT  TEMPEitATURES 


Energy  emanates  from  all  objects  in  the  universe  that  are  abcve  a 
temperature  of  absolute  zero.  This  release  of  energy  is  due  to  the  random 
motion  of  the  objects  particles.  If  the  temperature  of  the  bocty  is  raised, 
the  particles  move  more  violently  and  more  energy  is  emitted.  Hence,  a 
boi^  at  a  particular  temperature  will  emit  more  energy  than  the  same  body 
at  a  lower  temperature. 

The  energy  released  takes  the  form  of  electromagnetic  waves,  which  in 
the  case  of  solids  and  liquids,  are  of  every  frequency  in  the  spectiwa. 

In  our  application,  only  the  microwave  portion  of  this  frequency  spectrum 
is  of  interest. 

No  perfect  emitter (black  boc^)  exists  in  nature;  all  are  imperfect 
to  some  extent  because  they  reflect  some  of  the  energi"-  Incident  upon 
them.  The  quality  of  the  emittor  is  measured  in  terms  of  its  emissivity 
£  ,  Ehissivlty  Is  mainly  a  Itmction  of  tne  surface  properties  of  the 
object.  It  may  be  defined  as  the  ratio  of  the  energy  emitted  by  the  body 
to  the  energy  emitued  oy  a  perfect  emitter  (black  body)  at.  the  same  tem¬ 
perature.  To  a  fii'st  approxin!abion,€  is  constant  independent  of  frequency 
or  temperature, 

Heastii’ements  have  indicated  that  the  microwave  signal  from  a  target 
depends  not  only  on  its  self-emis.sion,  dependent  on  £  ,  but  on  the  re¬ 
flection  by  the  target  of  the  energy  emitted  by  its  surroundings  which 
is  dependent  on  its  reflectivity,  fi.P  is  defined  as  the  ratio  of  re¬ 
flected  energy  to  incident  energy. 

Thus,  the  microwave  signal  coming  from  a  target  consists  of  two 
parts;  namely,  that  emitted  by  the  target  due  to  the  thermal  motions  of 
its  own  molecules,  and  composed  of  radiation  from  surro’inding  objects 
reflected  by  the  target.  The  magnitude  of  the  first  of  these  two  signals 
depends  upon  the  temperature  of  the  target  surface  and  upon  its  emissivity, 
as  explained  previously.  The  magnitude  of  the  second  signal  depends  upon 
the  target's  reflectivity,  and  upon  the  effective  integrated  temperature 
of  the  target's  surroundings.  This  may  be  expressed  in  equation  form  as 
follows  s 

T  =  e  T^  +/OT 
a  t  s 


where:  T^  is  the  apparent  temperature  of  the  target 

£  is  its  emissivity 

Tt  is  its  thermometric  temperature 
is  its  reflectivity  and 

T^  is  the  integrated  temperature  of  the  suiioundings 


Thus,  to  obtain  the  apparent  temperature  of  an  object  experi¬ 
mentally,  careful  consideration  must  be  taken  of  the  atmospheric 
and  environmental  conditions  around  it,  since  these  deteiroine  T  ,  the 
integrated  temperature  of  the  surroundings,  in  the  above  equatiSn, 

2,  SENSITIVITY  QF  THE  SWITCHED  MDIOMETER 


The  form  of  the  signal  emitted  by  a  gray  boc^  is,  over  practical  band- 
widths,  flat,  random  noise,  the  average  level  of  which  depends  upon  the 
equivaleni.  black  botfy  tempei-ature  of  the  source.;  The  level  of  this  noise 
is  quite  low  for  most  terrestrial  targets  being  in  the  order  of  U  x  10"l5 
watts  per  megacycle.  The  noise  generated  by  the  detection  and  amplification 
portion  of  typical  microwave  receivers  is  many  times  larger  than  this  number. 
Thus,  the  detection  of  noise  type  signals  at  the  antenna  is  limited  by  the 
noise  figure  of  the  receiver.  Furthermore,  to  he  of  practical,  use  a  radio¬ 
meter  should  have  the  capability  of  detecting  small  changes  in  antenna  noise 
temperature  (less  than  1“K),  Since  the  value  of  FT  (F-reoeiver  noise 
figure,  T  ■=  290°K)  is  generally  above  2^00,  amplification  within  the  re¬ 
ceiver  must  be  stable  to  one  part  in  several  thousand  to  detect  a  change 
of  l^K  in  the  antenna  temperature.  Thi.s  limitation  is  overcome  through  use 
of  a  switched  radiometer  at  the  expense  of  a  decrease  in  sensitivity  (nor¬ 
mally  3  db). 

A  block  diagram  o.f  a  ):!wiT.ched  radiometer  is  shown  in  figure  j\-l  , 


SWITCHED  EADIO^iETER  BLOCK  ECAGa^.K 


As  previously  mentioned  the  input  to  the  detector  is  normally  subject 
to  considerable  fluctuation  due  to  random  variations  in  amplifier  gain  and 
also  systematic  variations  due  to  power  fluctuations,  ripple,  etc.  To  make 
the  receiver  insensitive  to  these  variations,  a  convenient  method  is  to 
rapidly  switch  the  receiver  between  the  antenna  and  a  source  of  stable  tem¬ 
perature  at  a  frequency  higher  than  that  of  the  gain  variation  and  fluctuation 
spectrum. 

The  output  of  the  detector  is  then  passed  through  a  bandpass  amplifier 
and  a  synchronous  detector;  tlie  output  then  being  applied  to  a  low-pass 
filter.  The  difference  between  the  received  and  reference  signal  is  then  not 
affected  by  low-frequency  gain  fluctuations.  This  technique  was  first  used 
in  a  radiometer  by  K,H.  Dicke,  in  191+6,  If  the  signal  is  switched  (or  amp¬ 
litude  modulated),  with  the  switching  frequency  low  compared  to  the  bandwidth 
of  the  signal,  half  of  the  signal  power  is  lost  when  the  modulating  function 
has  a  iiO  percent  duty  ratio.  Therefore,  when  the  antenna  is  connec+.ed  to  the 
receiver,  the  input  to  the  detector  becomes  S  j'l  +  W  ,  When  the  anierina 
is  disconnected,  the  input  to  the  detector  is°simply°N^. 

The  temperature  resolution  AT  min  for  the  square  wavcj  switched  radio¬ 
meter  is  developed  below, 

''’he  peek-to-peak  square  wave  signal  output  from  the  microwave  detector 
is  KflAT  wt.ere  AT  is  the  tempei-aturo  difference  between  the  antenna  and  the 
reference  source  and  B  is  the  acceptance  bandwidth  of  the  amplifier.  Upon 
filtering  this  system  at  the  fundamental  switching  frequency,  a  sine  wove  is 
obtained  with  an  rms  amplitude  equal  tos 


KBAT 

2 


X  _U 
ir 


KBAT 


Tlie  output  current  of  the  detector  is  given  by  Kice-ft  and  for  a  one  ohm 
impedance  level  is  equal  to 


I  =  (d-c) 

+  K  [T^  (F-1)  +t|  (a-’,} 


The  a-c  term  is  the  rms  current  corresponding  to  the  noise  power  in  the 
post  detector  bandwidth  b.  Allowing  T  to  equal  T  +  AT  (assumes  tlie  reference 
temperature  at  'f^  as  was  the  case  in  the  field  prSgram); 


la-c 


K[F  To  +  AT] 


Since  F  AT 


la-c  KF  T  nT^B 

0  ^ 

The  ratio  of  signal  to  noise  po\^er  at  the  filter  output  is  therefore: 


3/N  =  ( 


2  2  2 
2K  B  A  T 


2  2  2 
2K  FT  ^  bB 
0 


BAT 

Tt^  F^. 


The  d-c  signal-to-noise  ratio  at  the  output  of  the  phase  detector  is 
twice  that  of  the  input  due  to  the  presence  of  a  larger  carrier  signal  at  the 
switching  frequency.  The  resultant  signai-to-noiae  ratio  is  twice  that  above. 
Allowing  for  this  and  setting  the  S/N  ratio  equal  to  unity  the  following 
result  is  obtained  for  AT,  the  system  sensitivity! 


AT 


Since  the  receiver  is  a  supeihetrodyne  type  and  accepts  input  radiation 
above  and  below  the  local  oscillator  frequency  the  input  signal  power  is 
twice  that  of  a  single  channel  receiver.  Hence, 


AT 


-  FT 

2f7  ^ 


where  F  is  the  single  channel  noise  figure,  b  is  the  post  detector  band¬ 
width  C— — )  and  B  is  the  r-f  bandwidth.  Substituting  ior  bs 

cIvC 


AT 


n 

"F 


F 


T 

o 


where  Ta  RC,  the  post  detection  time  constant. 


S.H.  Hice,  "Mathematical  Analysis  of  Random  Noise",  Bell  System  Technical 
Journal,  January 
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APPENDIX  B 


DElilVATIQH  OF  THE  ANTENNA  TEMPEhATUltE  EQUATION 


1.  INTItODUCTION 


This  appendix  will  be  concerned  with  the  eopation  to  be  used  in  deter¬ 
mine  appfi-ent  teumcrature  liith  consideration  given  to  noisy  and  lossy  components  within 
the  radiometer  instrument.  These  include  all  components  prior  to  the  balanced  mixer 
ana  arc  oho;m  in  the  block  diagrasTi  oelow. 


All  components  with  the  exception  of  the  noise  source  and  antenna  will 
be  assumed  at  a  temperature  of  290°K.  The  antenna  temperature  will  be  de¬ 
noted  by  T  and  the  noise  source  temperature  will  bo  taken  as  10,100  K  since 
it  was  alw%s  on  during  the  measurement  process. 

The  block  diagram  shown  above  will  be  broken  down  into  terms  of  losses 
and  temperatures  as  shown  below. 


The  following  terms  will  be  used  in  the  equations  to  be  derived; 


TA  -  antenna  noise  temperature 

-  Loss  between  the  antenna  and  directional  coupler 


-  Loss  betwoou  the  attenuator  and  directional  coupler 


L.„,  -  Attenuator  loss 
AT 

NS^AT”  between  the  noise  source  and  the  attenuator 

-  Noise  source  temperature 


j^Lj^  -  Loss  between  the  directional  coupler  and  modulator 
LM  -  Modulator  Loss 

M^fi  ”  between  tlic  modulator  and  the  mixer 
2.  CALCUUTION  OF  NOISE  CONTRIBUTIONS 


The  contribution  of  noise  at  the  mixer  input  due  to  the  various  sources 
shown  above  will  be  calculated.  Assuming  all  components  are  linear,  the  con¬ 
trolling  bandwidth  will  be  that  of  the  balanced  mixer, 

2 .1  Noise  at  Input  U  of  the  DirectloneJ,  Coupler 

The  noise  power  from  the  noise  source  is: 

^NS  “  '^atts/cps 

The  noise  power  at  the  input  to  the  attenuator  is; 

^1  ”  ^NS  NS^AT  ■*"  ^  ^^llS^AT^ 

At  the  output  of  the  attenuator  the  noise  power  is; 

Pg  =  .  K(2?0)  (1-L^^) 
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The  noise  power  at  input  1*  of  the  directional  coupler  isi 


P 


3 


^2  AT^D  1^^290)  (1-^^Ljj) 

'^NS  NS^AT  ■*■  ^^"NS^AT^^^AT'*'  ^^"^AT^^ 


AT^D  -  K(290)  (1-^^,Lj^) 


^3  *^'^NS  NS^AT  ^AT  AT^D  K(290)  (l-  ^.pL. 


NS  AT^  at  AT  D 


.  K(290)  (l-L^^.)  .  K(290)  (l-^^^,Lj^.. 

2,2  Noise  at  Input  3  of  the  Directional  Coupler 

The  noise  power  at  the  antenna  input  terminals  is 

Pa  “  KT. 

A  A 

The  noise  power  at  input  3  of  the  directional  coupler  is: 

"I*  "  ‘^‘a  a^d  "  ^•"’’a^d'^ 


2,3  Noise  at  Input  2  of  the  hirectlonal  Coupler 


Pj.  =  K  (290) 

2,1*  Noise  at  Output  1  of  the  Directional  Coupler 

The  directional  coupler  can  be  represented  as  shown  below; 


The  coupling  factor  (lossless)  between  terminals  1*  and  1  vd-U  be 
denoted  by  C  and  the  directivity  between  terminals  2  and  1  will  be  denoted  by 

D, 
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The  noise  power  at  output  1  of  the  directional  coupler  is 

therefore; 

=  [P^  (1-c)  +  K(290)  (1-L^)  (1-C)]  + 

[P^  f  K  (290)  (1-Lj^)]  CL^  + 

[Pj  Lg  +  K(290)  (l-Lg)  ]  DL^  +  K(290) 

^6  "  aS  S^l  K(290)  L^L^d-C)  +  K(290)  (1-L^)(1-C)L^ 

‘^'^'ns  NS^AT  ^  AT  atS  ^^"MS^AT^  ^AT  AT^D  ^U,  ^^1 

K(290)  (3-T.j^)  fiL^  +  K(290)  (l-L^^)  L,^  CL^  + 

K(290)  L^^CL, 

+  K(290)  LgDLj^  +  K(290)  (l-Lg)  DL^ 

+  K(290)  (1-Lj^) 

2,$  Moise  at  the  Input  to  the  Modulator 

’’l  "‘6^^  '"-uhl) 

2.6  Noise  at  the  Output  of  the  Modulator 

"■e  ■  ‘'7  Hi  * 

•  H  bH  H  *  H  * '' 


Since  the  noise  contributions  after  the  modulator  are  common  to 
both  the  antenna  and  reference  temperatures  during  measurements  they  may  be 
considered  part  of  the  receiver  noise  and  need  not  be  considered  here. 
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3.  CALCULATION  OF  LOSSES 


The  theoretical  attenuation  of  RG  96/U  is  approximately  l8db/lOO 
feet.  In  practice  the  attenuation  will  be  somewhat  greater,  therefore 
a  value  of  20  db/100  feet  or  0.2db/ft  will  be  used. 

NS^AT  =  \2'~  “  0.06  db  »  .9863 

AT^D  =  =  0.19  db  =  .9572 

o  ^  =  0.25  db  n  .9liUl 

12 

Lj^  =  -y---  =  0.025  db  -  .99U3 

Li  =  “  »996l 

h  ”  ° 

L  ^  =  .u;l7  db  =  .9961 

3  12 

D^M  «  Odb  a  1.0 

C  a  9.14  db  “  .llU8 

D  a  25  db  =  .00316 

Tj^g  a  10,100'"k 


Substituting  Uheso  values  into  the  equation  for  Fg  the  following 
equation  is  obtadned; 

Pg  -  K  [0.83  1050  L^^  -  239.5]  +  290  K 

When  measurements  were  taken  during  tlie  field  program  the  attenuation 

(L,„)  was  set  at  50  db.  The  value  of  Pn  for  this  condition  becomes: 

AT'  0 

Pg  a  K  [0.83  -  239.5  ]  +  290  K 
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The  modulator  is  alternately  switched  between  an  on  and  off  state,  L, 
being  0.8  db  in  the  on  state  and  38  db  in  the  off  state.  The  value  of 
for  these  two  conditions  is  given  below:  ° 


P.  (on)  -  K  t.69T.  +91] 

P„  (off)  =  K  [.00013  T  +  29C^ 

The  receiver  output  is  a  measure  of  the  difference  in  these  two  quantities 
and  is  therefore  proportional  to 


LPf.  =  K  (.69T,  -  199) 
* 


During  calibration  the  modulator  of  course  is  also  switched  between  an 
of  0,8  db  and  38.0  db.  The  value  of  Pn  during  calibration  for  these  two 
nditions  is  accordingly;  ° 


Pg  (on)  »  K  [0.69  +  673  +  91 


Pg  (Off)  -  K  [,00013  T^  + 

c 


.17  +  290] 


The  difference  measured  by  the  receiver  is  therefore: 


APg  -  K  [  ,69  T^  +  673  -  1991 

C 

U.  APPAKENT  TMFEhATUItE  EQUATION 

During  the  test  program,  the  antenna  was  pointed  at  the  sky  during  cali¬ 
bration  ana  at  the  target  object  d\U7ing  measurement.  The  temperature  difference 
wae  obtained  by  effectively  changing  the  setting  of  Lj^,p  to  null  out  the  difference 
in  noise  power  to  obtain: 


or  .69  Tg  +  873  -  .69  T^ 

when  Tg  “  sky  temperature  auring  calibration 
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antenna  temperature  during  measurement 


873 


“AT 


Tg  +  126k 


In  practise,  L,„  was  not  varied  but  instead  a  DC  voltage  was  used  to 
null  out  the  output^of  the  phase  detector.  Calibration  runs  of  a  dial  reading 
corresponding  to  the  null  voltage  versus  settings  of  L,„  were  therefore  taken 
to  enable  calculation  of  in  the  above  equation,  ^ 
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APFENDT'iC  Ci 


Additional  Data 


100a 


r'SUaE  GS.  TAUX  ROTATION  RIN,  R-300  Y*ROS,  (3-2) 


API’ENDIX  D 


EEiaVATIOM  OF  KANGE  EQUA  TlO^iS 


A  range  equation  may  be  derived  from  the  proper  combination  of 
fundamental  relationships  to  show  the  i-ange  parformajice  of  a  given  radio¬ 
meter  for  an  assumed  target. 

From  funditnental  radiometer  theory. 


AT  min.  =  KFIq  - 1 -  (Eq  l) 

VAiere:  AT  min.  -  the  minimum  detectable  temperature  differential  (^K) 


To  -  290°K 

F  -  receivt;.''  noise  figure  (single  channel) 
b  -  post  detection  bandvadth  (ops) 

D  ~  I-F  bandviictth  prior  to  deteotion  (cps) 
Where!  T  -  target  apparent  terapei'ature 

3. 

A^  -  target  cross  sectional  area 

A,  -  beam  cross  sectional  area, 
b 


The  effective  temperature  of  a  target  against  a  background  with  tem¬ 
perature  T^  is  given  by 


T 


oq 


(Eq  .2) 


The  temperature  difference  between  T^^  and  T^^ 


is  defined  as  h  T. 


Thus; 


AT 


(Eq  3) 
(Eq  U) 
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Rearranging s 


*b--5r  <VV 


The  area  at  range  R  is  given  byt 

2  2 
IT  R^  o'" 


/  s*/^  A  ^ 


Kearranging: 


iv  = 


l|n  0^ 


(Kq 


Vliere  6  is  the  3  db  antenna  beamwidth  in  radians  and  is  generally  small  so 
that  t;jn  0  “  0. 

Combining  bqs  3  and  7 


K  = 


no  ^  AT  (Ecj  6) 


If  AT  is  made  equal  to  AT  min,,  then 


R  “ 


u  OVV^ 


\1  " 


e  KF  T 


(Eq  9) 


Rearranging  the  equation. 


R 


1 

^  1 

1/2  1 

1/2 

B 

0 

_  KTf  Tg  I 

♦  1 

F 

T~ 

If  an  R-C  filuer  is  used,  the  pest  detection  bandwidth  b  xi  equal  to 
(Reference  8), 


where  t  is  the  time  constant  of  the  low  pass  RC  circuit. 


(Eq  10) 


1 


ipr 


For  a  square  wave  switched  radiometer  of  the  type  used  in  the  field  program 
K  =  1,5?  (Reference  8), 


no 


(Eq  11) 


Therefore:  R  = 


7.1*8  X  10“ 

e 


lA 


Converting!  from  square  yds.  to  sq,  meters 


8  from  radians  to  degrees 
B  from  cps  to  me. 

lljS 


1/2 


e 


,  ‘t'V'b'  , 

L  TT  J 


l/U  (Eq  12) 


[B,] 


Where:  R  =  i-anga  in  yds. 

A  “  target  ai’ea  in  square  meters 
111 

apparent  target  temperature  in  degrees  Kelvin 

“  background  temperature  in  degrees  Kelvin 

e  »  antenna  beamwidth  in  degrees 

jr  D  receiver  noise  figure  (single  channel) 

B  ••  pre-detection  I-F  bandwidth  in  m.c, 

T  »  time  constant  of  low  pass  R-C  filter  in  sec. 


Ill 
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ADDENDUM 


Type  of  Camouflagg  Net. 

1080-252-7831 

Net  Camouf.  Ctn»  Twn. 

Net  Set  2  M2  Main  29x29  Desert 
1  each 

A/A-111-2/62 
Wt.  70  Cf  7 

T;^e  of  Microwave  Absorbing  Material 

Emerson  and  Cuming,  Inc. 

869  Washington  Street 
G?ir,ton,  Massachusetts 

Eccosorb  GV  -  hO  dh  dovjn  microwave  absorber  -  .01:^  reflec  i.ion 
rof.  tech,  bulletin  8-2 -lU 
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MEMORANDUM  FOR  Defense  Technical  Information  Center, 

ATTN:  DTIC-BCS,  8725  John  J.  Kingman  Road  Suite 

0944,  Ft.  Belvoir,  VA  22060-6218 

SUBJECT:  Distribution  Statement  -  Ballistic  Research  Laboratory 

Contract  Report,  GPL  Security  No.  P-0429-C-10-B 


1.  Reference:  Ballistic  Research  Laboratory  Contract  Report, 
GPL  Security  No.  P-0429-C-10-B,  "Radiometric  Signatures  of 
Battlefield  Targets",  Seaman  M.  Seelig,  General  Precision  Inc., 
Pleasantville,  New  York,  April  1962,  UNCLASSIFIED,  AD  no. 

353793  . 

2.  Subject  matter  experts  and  the  Army  Research  Laboratory 
Security/CI  Office  have  determined  that  the  subject  report  may 
be  released  to  the  public.  Request  that  you  mark  all  of  your 
copies  of  the  document  with  the  following  distribution 
statement : 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 

3.  Please  direct  your  questions  to  Mr.  Douglas  J.  Kingsley, 
telephone  410-278-6960. 


COUSTANCE  L.^BERRY  ,/ 
,  ^  /  ; _ 

V'  '  Team  Leader 

Security/CI  Office 
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